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PREFACE TO THE SECOND EDITION 


Thf mture nnd treatment of circuhtorj failure hn\e continued 
to be the object of intensn c chnica) ond experimental iiu estipation 
Notable iid\ antes ln\e resulted rxlnustion of the first edition of 
this book o\ er a N t ir ago has afforded the opportunits to incorporate 
this progress The rt\ ision has in\ ol\ changes in all the chapters 
tlie t^•pe Ins been compfeteK reset Despite t\er\ effort to attain 
the utmoatbre\lt^ consistent uilhchrit} the imountof ncu mate- 
rial has made considerable enlargement iinax oidable 

An outstanding achievement of reeent clinical work has been the 
introduction of qu intitative methods for the mtisurementof some of 
the fundamental circulatorv \arinbles m health and disease Deter- 
mination of the canliat output the vclocitv of blood flon the venous 
pressure the rcapiratorv volumes the circulating blood volume and 
the gas contents and rc iclton of the nrteri il blood hav e all contrib- 
uted to the elucidation of the manifestations of heart failure I spe 
ciallv fruitful lias been die application of tlic principles expressed 
in Starling s Law of the Heart to the problems of the dilatation and 
compensation of the failing heart New p iths liav e bt'cn opener! bv 
the demonstrition that mnnv common forms of decreised cardiac 
output are due to diminution in the v olumc of blood m ueti v e circula 
tion ratlier than to unpaimient of the motor organs of circulation 
The outcome of these mid other lines of investigation has been an 
enhancement in understanding of the dvn nines of the diseased cir 
eulation that bids fur to rival the unraveling of the cardiac arrhvth 
mias which follower! in the wake of the poljgrapli and clectrocardio 
graph 

Nor have thcNc advances been purelv academic thev have had 
their repercussions at the bedside The} enable the phvsician to 
introduce a larger element of quantitative thinking in the inter 
pretation of the clinical pietore and the treatment of the patient 
The aim of this book is to portrav tliese advances for the practising 
phv sician m a fashion th it vv ill aid him m his dail} w ork for hardl} 
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a (la\ pisses m ncti\e general practice witliout enc-ounteniig the 
problems e\oke<l h\ circuKton fniluix. on \\Jiich recent studies 
ha\ e tlirow n so mucli light Stress lias been laid on tlic stibdii jsion 
of the broad concept of cirtulatorv failure and on the amljsis of 
the clinical pictures with rcgird to tlie role of tlie individual dis 
turbinces in the dj nainics of the circulation 1 he separation of the 
cardiac and pmphcril olcmcnts iniirad vton failure is prerequisite to 
optimal treatment and has tlicrcforc been discussed in consider 
able detail ] special attention has licen ilcv oted to the pathoge- 
netic analjsis of the purelj clinic il concept of sljock and to the 
description of w li it is here called cardiac shock 

Siglit has not been lost of the limited facilities with whicli tlic 
general pnctitioner for whom this liook is priimri)} intendcal 
must usualK earn on But even clfort has ilso been made to 
supplv the foundation of principles which though largciv based on 
vnvebligvtious m the Ubotaton an<l chmc forms the starting jiomt 
of intelligent practice 

It 13 i pleasure to thank mv tcadiers nnd associates to whom 
I am indebted on main scores like nil who have worked in 
Mount Sinai Hospital I owe mucli to tlie broid erudition nnd 
clinic il acumen of Dr Ftnunucl I ibman who has inspired urid 
guided so much of the work of the Medical Service for over three 
decades I am grateful to Drs George Baelir \rthur M Master 
and 13 S Oppeiiheimer for man} kindnesses lo mj friend the 
late Dr Louis Gross I owe a debt of gratitude for instruction m 
circhac pithologj a field in winch he was n muster Drs W M 
Hitziganvir II King have collaborated with mein several studies 
Drs b Dack and M h Sussman have been kind enough to help in 
the selection of material for illustrations Mj wife has worked with 
me throughout tlie preparation of tlie book nnd has been indispens 
able in the final revision of the manuscript AMT 
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HEART FAILURE 


CHAPTKK r 

IXTROOrCTOUY. THE CONCr.n' OF CIUCUIATOUY 

rAiiAiu: AND Tin: caudinal ciucu- 

lATOUY SYXDIIOMI'^ 

THE CONCEPT OP CmCtJLATOBY PAJLCBE 

Is health, the \olume of hlcxxl that c<»mpletts tlie \avcijlar circuit 
each minute %.iri« witliin wide limits. J du tntnl h\ the inctn- 
bolic rate Tims, thirmp H*\ere muscular txtrc.isc the tardinc out- 
put of a trained athlete increaseH to as iimth ns WX) pir cent of the 
pcslinc salue The niaxmmm iirculators nmmiplislunent of nn 
indu idual J«i<}in(?n <ts!cntar\ lift is ofcotirst. not mnrlx so preat 
Ne\crthilcsft, if withm the ill-dtfiiKsI limits of thi phxsiolopicnl, it 
inthulfb a consulorahlt factor of safitj o\tr the iirculiitor> rctimre- 
nicnts of tlie usual tenor of his life 
Ihc term circuhtort failure is used to lUsipimlo curtailment of 
this rcniarkahl% broad power of aecoiiinioilation of the timilntion 
to the e\ er*\ ar> mp nctA^ of the orpam«m To the prui tisinp phj si- 
Clan, circHf(j/opi//(ii/Hre i/ioins /imUdlion o/ Mr nefirihra u/ Me {mticnt 
vhch fympfovis or signs rercal io Or rngnufercii tn/ drfecfire circwfofion 
of ihc hlootl Such a purt)\ “sMiiplomntit” dtfimtion must bufiiee, 
faule de miaix, for at knst the jiresent For mtirestiiip ns ha\e 
been the results of studies of txtrtisc tolirantt, \itnl cnpacit\, 
cardiac output, canliat work, \enous prxsswn.. cirtulation tune, and 
other circulatorj rnea-urcmtnts it will lie seen in siicx-ewlmp chniH 
ters that tht.s base not funushcil a uumcrKnl indtx of the ifticicncs 
of the cirtulation as sensitise ns art tht subjective perceptions of 
the patient One reason for this state of alT.iirs is that the concept 
of circulatorj failure is relative, the circulatorj npimratus of the 
scilcntarj individual of nstiumc Imhitiis cannot he cvpcctt*il to rise 
to the hciphts of nccomphshmait rcachtxl hj the trained athlete 
Quite ohviouslj, the presence of the lesser deprees of circulators 
failure can be determines! onij in the hpht of ' past performances,” 
e g, whether the individual hetiMnes breathless after chinhinp a 
number of steps which prcviouslj clicitcel no ihscomfort When cir- 
culators failure is of hut shpht degree, it maj he manifested only 

( 25 ) 
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THE CONCEPT OP CIRCULATOR} FAILURE 


^^hen tlic metabolic rate and consequently the entailed work of the 
circulation is increased Ivj mrotous exercise 

Nonndajs there is no need to emphasize that circulatorj failure 
IS not gjiionjinous nith disease of the circulator) apparatus The 
latter ma) be and often is present for j ears without demonstrable 
circulator) failure Valvular murmurs high blood pressure dilata 
tion of the aorta hardened radial arteries etc rci cal disease of the 
organs of circulation but do not necessarily impl) circulatory 
failure The latter is not present os long ns there is no diminution 
in the amount of exercise for which the circulation suflices An 
exquisite illustration that e\en pronounced structural changes m 
the heart do not ncccssaril) entail circulatorx failure is contained in 
the recent report of JokI and Surman* of a marathon runner with 
mitral stenosis and aortic regurgitation who ran 20 miles m three 
hoursandtwominutcbonnhotda) iimshed m good condition and 
reco\ ered rapidl) 

THE TYPES OF CIRCTILATORY FAILURE OR CARDINAL 

circdlatort syndromes 

\anou3 derangements ma> diminish the obilit) to accommodate 
blood flow to the needs of the bodj and thus lead to circulatory 
failure In the following paragraphs the attempt will be made to 
classifi these derangements m accord w ith the ncras of the clinician 
and thus subdivide the broad collective concept of circulatory fail 
ure To the individual tj^pcs of circulator) failure thus differenti 
ated— which recur again and again alone or m combination m the 
various diseases affecting the circulation— the designation cardinal 
cireidntory «yn<froin«* ma> be applied 

Tilt CaIU>C> 4L CtBCVMTORT STNDSOUES 
Peripheral c rruU ( ObBcmio 
lory failure \ Motor 

r Left-a (led 

( llypoayitol c i Right** ded 
I Bilateral 

j . > J Wro VM on of d aatole 

II««»<“‘'>''tAbbr. .Ibnoldulol. 


C rculatory 
fnlure 


From the point of v lew of pathological ph) siologj the circulator) 
failures fall iiaturall), and indeed quite obviousl) into two great 
groups heart failure and penpkeral circulatory failure In heart 
failure the inadequate circulation is due to deficienc) of the cardiac 
pump, in peripheral circulator) failure to derangements initiated 
in the peripheral vessels or circulatmg blood itself which entail a 
deficient venous return to the heart and consequent!) despite the 
absence of cardiac weakness inadequatt cardiac output Such 
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primarj' subdivision of circulatory failure into cardiac and peripheral 
tj-pcs is not only natural from the “academic” standpoint of patho- 
logical physiology but is also feasible and extremely useful in clinical 
medicine; the cardiac and peripheral circulator^’ failures not only 
each have fundamentally similar clinical pictures, but the treatment 
of a patient with a failing circulation is primarily deterraineil by 
whether the failure is of cardiac or peripheral origin. 

In the case of heart jaHuret certain further subdivision is not only 
called for by clinical requirements, but can also be carried out in 
practice in the large majority of instances. First of all, corresponding 
to tiie physiologic division of tlie cardiac c>-clc into diastole and 
sj'stole, those forms of cardiac insufficiency which arc due to inade- 
quate diastolic filling of the heart (hypodiiutoUe failure) are to be 
differentiated from the far more common ones in which the heart 
fills adequately but does not empty to the normal extent (Aypo- 
sysfoUe failure). 

Of the comparatively rare hypodiastollc failures, there ore two 
main varieties, tiz., tliosc in which the amplitude of diastole is dimin- 
ished by pericardial effusion or incarceration by a shrinking peri- 
cardims, and those In which the duration of diastole is shortened by 
paroxj’smal tachycardia or other extreme acceleration in rate. Hjtio- 
diastoiic failure results in decreased cardiac output os well as engorge- 
ment of the systemic veins and, usually to n mucli less extent, of Uie 
lesser circulation. It tends to dimlnisli the size of Uie heart because 
of the decreased filling. 

Of the hj-posystolic failures, which constitute the vast inajoritj’ 
of instances of heart failure, there arc likewise two fundamental 
categories, namely, insujficiency of the left side of the heart, character- 
ized by engorgement of tlic pulmonarj' circuit, and inaujficienci/ of 
the right nde of ike heart, marked by engorgement of the systemic 
veins. In each case, primarily ventricular and primarily auricular 
failure can usually be distinguished, but Uie t}i>c of aberration in 
circulatory dynamics is funilamcntally similar. Left and right sided 
failure are often combined from the start. Hypos>-stolic failure tends 
toirtcesssethesise^ s pho}!ou!euon coeeelsied 

with the deficient emptying. 

In the primarily peripheral circulatory failures the derangement 
of the circulation is such that tlie amount of blood returning to the 
heart from the capillarica (venous return) is diminished, which entails 
equal decrease in cardiac output. In consequence, the peripheral 
circulatory’ failures are characterized by a depleted state of the large 
systemic veins witli low venous pressure and a tendency’ to decrease 
in the size of the heart because of diminished diastolic filling. There 
are two general forms of peripheral circulatory failure, differentiated 
by the medianism which produces the diminution in venous return: 

(1) The oligemic form, in which extravasation of either plasma or 
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THE CO^CEIT OF CIRCULATORY FAILURE 


N\liok blood decreases the arculatinj; Wood solumc and thereby 
the %cnoiis return and (2) the motor jorm in A\hich alterations in 
the state of contraction of the vessels lead to pooling of excessive 
quantities of Wood in the penpherj Details of the pathogenesis of 
the oligemic and motor forms of peripheral cireulatorv failure are 
discusse’d in Chapter \\\II 

Ihe cardinal circulatorj sjndromcs dcpictcil in the above schema 
constitute tlic elements of which the clinical picture of circiilaton 
failure is compoiiiuled Often one of the cardinal circuhtorv svn 
dromes is present in isolated form thus failure of the left side of the 
heart even of severe ilegree freqiuntlv remains uncomplicated for 
\ears in patients with essential livpcrtension On tlie other hand 
iirculntorv failure mav liecoinplaxfroni thcMrj start for example 
both left nml right sidwl failure niaj develop simtiUnneouslv A 
\erv foinm<ms«|Uinct of events is. for one of thee mliin! circulator} 
svndmmcs to be present alone for a time and thenhccomiilicatcdbv 
another The most common example is the addition of msufiicioncj 
of tilt right heart to pre-cxistent failure of the left 1 eart Such 
complication adds new svmptonis to the cliiiicnl picture althougli 
on the other hand some of the manifestations of the cardinal circu 
latorv svndrome first present mav be allcviatisl bv the complication 
Ihus dvspnca and orthopnea present ns a result of the pulmonary 
engorgement of left heart failure mav be alleviated when the right 
heart weakens with conse<|uciit diminution in the blood content of 
the lungs One cardinal cireulatorv sv ndromc maj pnxhice another 
for example peripheral cireulatorv failure ihie to hemorrhage or other 
cause mav so (liiiiimsh coronarv flow ns to entrain mvocardial 
necrosis and conseiiucnt heart failure 

Shock —'1 he term shock does not appear m the above chssifica 
tion of circulators failure Ihc reasons fiir tins omission nrediscusscil 
m Chapter \\\II 'Dierc it will he brought out that the clinical 
picture so well known to cverv plnsician ns shock maj result from 
nnv of the forms of cireulatorv failure— either peripheral circulatory 
failure or heart failure— pros idcd thev sulhcicntU diminish the card 
me output for shock IS merclv the svinptom complex resulting from 
inadexiiiatc cardiac output Ilius shock mav result from the periph 
crnl cireulatorv failure of hemorrhage from the left suletl heart 
failure of coronary thrombosis from the right sided heart failure of 
pulmonarv embolism or from the hvpodiastohc heart failure of 
hemoptneardmm It will Ims nolctl that m the case of heart failure 
shock IS cspcciallj apt to result when the cardiac msufficiencj is of 
abrupt onset so that compensator} mechanisms (notablv increase in 
blood volume) hav e not jet developed to counteract the, tendenev to 
fall in tnrdiac output 

Harrison s Classification of Circulatory Failure —In tl e brilliant 
monograph integrating bis investigations on failure of the circula 
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tion which Im’ic contributetl ^ importflnth to clarification of the 
subject linm'son’ propounds the following classification of circula- 
tor\ failure 

I Fon^ard failure 

1 i ori\ nrd failure of the penp! cral a ascular apparatus ( shock 

collapse ) 

(al Ilematogenic ( wjcondar) shock ) 

(h) 'Seumgeme ( pnniar) •*lock ) 

(c) \ a«soRcr»c 

2 ForaNard failure <f the heart 

(n) Carduae ncopo 

(1) Ncuroginic 
f2) M)< genie 
(6) Cardiac collapse 

(1) Due to tael acanlia 

(2) Due to in>ocarUial mjurj 

(3) D te to mechanical I miirancc 

(c> ‘^udden death (failure of lie coronary circulafion) 

If Bacla\ard failure 

1 hailure of the left «wle of the heart 

2 Failure of the right «i<le of tl e I cart 

3 Failure of Iwth siden of tl e I cart 

Hnmson thus diffcrcntiatw pnmanU between /onrnrd /atfurr 
and baef jcard fadurr depending on wlictbir the clinical picture 
results pnntipaHv from <hmmislicd WockI flow to tiu ti>sucs or from 
paasn e cnpirgemcnt of the circithtion iip>trcftm to flit failing chain'- 
bet of the heart Tins differentiation of foiavard nnd baekwnnl fail 
ure serves a useful puqxisc in grapbicalK expressing the form taken 
b\ the eirculaton disturbance and the pathogc ne<is of the sv mptoms 
onl\ too often in the past dc^piit the tbcrapcutit implications elm 
icians hav c made little attempt to onaK ze the nature of the distur- 
lianet in circulatorv dvnamics umlcrKing the s\ mptoms of inadc- 
qiiate circulation 

^^ollhelms classification of ciitulatorv failure on the basis of 
blood volume is discussctl on page 71 


The first part of this liook is dev ote<l to the indiv idunl manifesta- 
tions of circailator\ failure TJic next section is conctrneil with the 
clmic il picture engendered b\ circulatorv failure pnmanlv from the 
point of view of the cardinal circulatorv sviidromes involved The 
final section is apportioned to the treatment of patients with circu 
latorj failure 

IlEFI HI NCIS 

1 risunEno Am Heart Jour 7 279 1102 

2 IIakrisos failure ( f tl c Circulation 2d «1 Baltimoro TlolVJlinms 
and IVilkiM Company 1039 

3 JOKL and Bczuan Jour Am Med Aasn 114 47C 1940 



CHAPTFR II 
Tim CARDIAC ourruT 

PERiiAra the most fundamenta! of the circulatorj ■v enables is 
the \oliime of blood that pa^es m each unit of time through the 
capillaries of the greater and the lesser circulations Control of 
this % enable is tlie principal of the many mechanisms bj uhich 
the c\er-changing circulatorj requirements of the organism arc 
met It 13 therefore not surpnsing that the rclatnelj recent inaug- 
uration of quantitative studies of the raimite volume has already 
led to significant advances in knowledge of circulatorj phj'siology 
and pathologj Before discussing these studies, a feve words con- 
cerning the sometimes confused termmologj of the field may not 
be amiss 

THE VOLUME OP CmCCLATlON AND THE CARDIAC 
OUTPUT 

The terms volume of circulation, minute volume of circulation 
minute volume rate of circulation cardiac output, and minute 
volume of the heart are frequcntlj used as synonjins GrolIman‘* 
prefers the term cardiac output because the others can be confused 
with the expressions circulating blood volume and vclocitj of blood 
flow However, from a didactic point of view there is also objection 
to the use of cardiac output,” for tt tends to perpetuate the anti- 
quated point of view which lajs all the emphasis on the activitj of 
the heart as the determinant of the volume of circulation and 
Ignores the primary role of the peripheral regulations of the volume 
of flow 

It IS to be rctncmbcrwl that the terms cardiac output and volume 
of circulation arc not alwajs svnonjTnous Cardiac output desig- 
nates the volume of blood expelled bj either ventricle m a unit of 
time tlirough a complete cross-section of the vascular bed t e , 
cither tlie pulmonary artery or the aorta proximal to the orifices 
of the coronarj arteries With perfectlj functioning semilunar 
valves and no abnormal communication between the two sides of 
the heart, the cardiac output and the volume of circulation are 
equal But m aortic msufficienqr the output of the left ventricle 
13 greater than the volume of circulation bj the volume of regurgi- 
tated blood and this may be very considerable (page 467) A 
discrepancy may also exist when there is a shunt between the two 
halv cs of the heart or a patent ductus arteriosus The acetj lene 
and the other gasomctric methods now used almost exclusiv elj m 
(30) 
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clinical V. ork measure the \ olumc of blood flou through the lungs, 
t c , the \olume of circulation and not necessarilv the cardiac out- 
put On the other hand the roentgen method (page 3-4) measures 
the cardiac output and not ncccssarih the \ olumc of circulation 
In this book, both terms cardiac output nnd \ olumc of circulation, 
\mH be used but the distinctions just mentioned are to be borne in 
mind 

REGtJLATIOK OF THE CAIIDIAC OUTPUT 

The prime determinant of the \ olumc of blood pumped h\ the 
heart is the oxidati\c metabolism ^^’hcn ov\gcn consumption is 
high as m exercise or Gra\ cs ihscnse the canliac output is cle\ nted 
Tvbile tlie rc\eri>c is true nhen the oxidations arc duninidicd during 
rest or in m\*xcflenia Houc\cr other factors also enter so that 
the \ohimc of circulation is not nlna\s stnctK proportional to the 
OTA gen consumption Thus Grollman has found that different 
forms of CTcrcisc inaA be aocoinpinie<l h\ unequal cardiac output 
cAcn though the oxjgcn consumption is the same apparenth in 
some forms the Acnous return to the heart is more increased b\ the 
muscular nioAcmcnts GroUinan (urthtr ohscr\c<l that the cardiac 
output remainc^l constant AAhcn the environmental temperature 
changed from 0* C to30®C despite the fact that the ota gen con 
sumption dccrcasetl from 330 to 210 cc per minute In hvpcr 
thjroidi«m the cardiac output mn\ lie mcrcaswl proportionallv 
more than is the metabolic rate nnd in h\ pothv roidism less (Chapter 
\M\) 

x\s Av ill be seen in tlic succeeding chapters the mechanisms tlirough 
Avliich the canhac output is adnptcil to the mttahniic ami other 
needs are A cn complex anil onK impcrfectlv undtrstood However 
it seems (hat this regulation is cITcctctl m general through the 
intcrmcdiacA of the venous return to the heart Increase in venous 
return bears in itself the adequate stimulus for corresponding 
augmentation in catthac work (Chapter \3 III) so that the greater 
A olumc of blood returning to the heart is ejected and the circulation 
maintaineil at the Jcvel dictalwl bj mttalmhsm Vs will lie seen in 
Chapter Will this accommodation to the venous return is 
effected through alterations in the output of the heart per stroke ns 
well as m the rate It appesrs probable that the cardiac nerv cs do 
not determine the output of the heart per minute but function pnn 
cipally to regulate the fashion in which the total cardiac work is 
partitioned into strokes r e (bej serve to accommodate the rate 
of the heart to the work required of the organ (Hess *) 

This conception of the regulation of the cardiac output— dominant 
since the w ork of Starling though considered one-sided hv Grollman 
— ma> be represented m broad schematic outline as follow 3 although 
of course m actuaht) innumerable factors participate 
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Increment in mctabolism-vmcrcaswl \enou3 rcturn-*grcater 
tanliac output 

IIou the greater venous return leads to corresponding augmenta 
tion of cardiac output will be discussed on page 300 i\Iuch remains 
to be learncil about the inrclmnisms through avlnch increase in 
metabolism cloaatcs the \pnous return these doubtless varj m 
difTtrcnt circumstances l*h\sic*il exercise maa be briefly discussed 
ns an example 

Regulation of the Volume of Circulation During Exercise —V\ ith 
the onset of the exercise tlie arterioles dilate and manv capillaries 
arc opcnnl up in the nctixe muscles so that the blood flow through 
these muscles is greath increased 3 he result is that much more 
Wood enters the \eins from these active muscles than during rest 
'I his increase in venous return from the active muscles is only par 
tialK neiitriliretl bj decrease in the venous return due to collateral 
V nsiK-onstnction m the splntielimc and other inactive territories 
At the same time the total circulating blood volume is increased 
bv mobihration of blood from the depots (Chapter HO into the 
active circulation thus increasing coimdcrablj the venous return 
to the heart and the contraction of the active muscles serves to 
squeeze the blixx! out of the coiitaimxl veins toward the licart like- 
wise augmenting venous return flic summation of tlieso and 
doubtless other factors serves to return for more blood to the heart 
pc r mmutc than diinng rest In turn this augmented v cnous return 
spurs the heart to increased output bv mecimnisnis tliat will bo 
discusvcd (page 302) and thus meets the demands of the elevated 
metabolism It should be mentioned however that not all the 
circulatorv adjustments during exercise are effected through 
the mtcrmcdincj of increased venous return Tims the initial 
acceleration of the pulse during exercise probablv is not due to reflexes 
of the Bambrulgt tv pc (sec page 20 >) initiated bj increased \ enous 
pressure but is more liKcIv of psvchic origin (see I3ainbridge> for 
evidence) Oiilj some such explanation would account for Buch 
annns* observation that the acceleration of the heart begins with 
the first beat after the onset of exercise 

Correlation of the Minute Volmne and the Utilization of the 
Blood —Increase m volume of circulation is not the onlj means by 
which tlie circulatory demands tf heigbtenwl metabolism are met 
If It wore the heart wfuld be callcil upon m vigorous muscular 
exercise for an output that is probablv iicv ond its capacity Instead 
the heart is sparcil bj shifting a part of the burden to increased 
utilization b> means of greater arteriovenous differences of the 
V oliime of blowl that it docs pump This mechanism may again be 
illustrated In observations in musadar exercise At rest onlj 
about 30 per cent of the owgcn of the arterial blood is used m the 
tissues (Lmdhard”), leaving a reserve of about 70 per cent of the 
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oriRinnl nrtcrml ox\pcn which remnins in the mixed %cnoiis bloorJ 
that returns tu the npht henrt * In Mporous muscular exercise, 
on tlic other hand, a much higher percentage of the arterial ox^ gen 
ma\ ht utihzeil h\ the tissues especmllx if the mdt\ idual is a trainctl 
athlete Ihus. in one of ChnstciisenV* subjects, Uic nrtenosenous 
ox\g(.n difftrcnec at n^st s\bs 02 ec per liter, wlnle during the 
ptrfonmnet. of IGSO kilogram meters of work per inmutc, the 
nrtcno\cnous oxsgtn difTerenee rose to HI cc per liter, or more 
than double the anlue at rest It would seem tint the mam factor 
in inducing the greater utilization of the blood m muscular exercise 
IS the higher proportion of the total hlooil flow that passes through 
the acti\e muscle^ ns a rcMilt of the opening up of arterioles and 
capillaries in tlic^e tissues and the sunidtnneous collateral \aso» 
cou'vtnction ui thoinnctuetisMics In the actiae muscles the oxj gen 
m the tissues is usixl up mon rapalU so that the concontrntioji 
falK and the oxagen gradient lictween hliKxl and tissue is greater, 
with the result that tnntx oxsgin difTuscs from the blooii Morc- 
o\cr, the griatcr ncidit\ in thi ncti\c tcrntoia so alTccts the dis- 
sociation cunc of oxslumoglolnn that ot\gcn is moa readils 
unloaded Otlicr factors that max lie conccrncsl in producing tlic 
more cfncicnt utibrjition of the btoixl during muscular exercise 
are the greater capillan surface nxadahlo for exthauge and the 
higher local ttmp< rntiin 

Increases! tanliat output oimI mon cfHc u nl utilization of the blood 
arc thus lutimatoh corrclitfs! in incctiiig the circulators demands 
imposed ba greater l^ctal^oll^m In the following, there will be 
frequent occasion to refer to this all iitqxjrtant correlation and its 
aberrations in disease 

MEASUREMENT OF THE CARDIAC OUTPUT 

'Hie iiu*‘usureinent of the \ohimc of circulation in man and tlic 
intact oxjicruntntnl animal is a goal tow an! wluth plnsiologists 
and ehnicians ha\c bctii stmiiig for the past tenturv , m fact, esti- 
mates basetl on the eapaeiU of ifu tbnmbcrs of the heart and the 
pulse rate axcrc made much tirlur Hut it is onl\ within recent 
sears that rclali\cl\ natisfactorv mctho<ls afTording results of at 
least lliccorrett order and applicable m the clinic have been dei ise<l 
As jet, however, these methiKls apart from those invohing entry 
into the right side of the heart which are umlesirsblo for clinical 
use— suffer from the limitation that their accurnev in conditions of 
severe pulmniiarj tngoigcment is open to some question 
The technic of the methods for determining tlic volume of circu- 
lation will not be descnbwl here Tor this, the reader is referred 
* TTip proportion of tho weirn 1* uliliifd vanes in the different 

ortcans Thus V an Pl>ke et cl « find that the blood m tho renal vem of the dog is 
S5 per eent eaturated »nth o*>g«n 
3 
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to the splcmlid monograph of Grollman >• m which will be found a 
detailed account not onl\ of his own fundamental contributions but 
also of the literature Onl\ the general principles of some methods 
which arc either practiealh important or theoreticalij interesting 
will he mentioned following Orollman these methods may be 
discussed in three categories (1) I’hjsical methods (2) methods 
hast'd on the I ick principle (3) methods cmploi mg a foreign gas 

Physical Methods —Meek and I aster* deaeloped an ingenious 
dcMtt for s\nchrnni7ing roentgen txiKisiircs with the wiics of 
the tlcttrocardiogram Il\ this means t!it\ took pictures during 
bistolc and dnshilc Ihc sxstolic and diastolic \oIumcs of the 
heart were cnlciilated from the corresponding areas of the cardiac 
sillimicttt Banken a fonmila The difTercnce between these 
\olumes 13 the canliat output per stroke The necuraev of the 
calculation of the aolumc of the heart from the surface area would 
seem questionable in pathological hearts Ihe technic is rather 
elaborate and the method appears to ha\c found little application 
It is however of decided tUeorctica.1 mtercst because it measures 
the actual cardiac output and not the volume of circulation ns do 
the gasometne nKtlicxls If Meek ami Tysters mctluxl could be 
dc \ eloped to a sufUcicnt degree of aeciiracv the difference betw eon 
the Tcault olitauuxl and the aohnnt of circulation determmed bv the 
nretiltnc mcthml would reveal the amount of regurgitation m aortic 
insiiflicicncv nr the amount of a right to-left shunt m abnormal 
communicationa between the two «idea of the circulation 

Broemser and Hankc’ have devised n method for calculating 
the volume of circulation from the cross section of the aorta the 
velocitv of the pulse wave certain blood pressure data the duration 
of sv stole nn<I diastole and the dcnsitv of the blood The technic 
for use m humans is elaborated bv loubcr nnd I’rrjmara*® The 
method IS InlmnouH and certain of the undcrljing measurements 
questionable Grollmann is therefore skeptical of its relinbilitv 
However using Broemser and Uaiikcs formula Bickenbach* found 
m 20 individuals with unimpaired circulation an average stroke 
volume of (i-t See andnrainutc\olumcof4 31 liters results agreeing 
well with the acctvlcne method 

Methods Based on the Pick Principle —I ick*‘ long ago pointed 
out tint the following considerations affortl a basis for the deter 
mination of the volume of circulation All the blood pumped by 
the right ventricle traverses the pulmonarv capillaries where the 
gaseous exchanges with the alveolar air occur Hence if the 
amount of ow gen absorbed m a minute !>e div idcd bj the difference 
m oxygen content between a liter of the blood of tbe pulmonary vein 
and a liter of that of the pulmonarv arterv the result will be the 
number of liters of blood that pass through the lungs m tJiat minute 
Thus if the arterial blood contains 190 cc of oxygen per liter the 
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mixed xenous blood 130 cc per liter and 240 cc of oxxgcn arc 
absorbed in a minute, the \olumc of blood that pa^cs througli the 
240 

lungs m tint minute is HO ~ liters Similar calculations 

can be made for carlwn dioxide This calculation of the xolumc of 
circulation ns the quotient of the xolumc of gas exchange through 
the lungs dn idetl b\ the nrtenox onotis difTcrincc of the gas is hnou n 
as the / irJ principle and 1ms plax crJ n notahlc rule in the de\ clop- 
ment of tlu. studx of the xolume of circulation 

Ihe application of thi, I ick principle has rcndcrwl feasible the 
direct determination of the xolume of circulation in man This x\as 
nccomphshc<l hx Tauter,*® Baiimatm * natirnnnn and GroIIman * 
and ^IcGln^c and hia associates ** xxho obtaimxl the mixcfl xenons 
blood bx puncturing the right heart xxith a needle the arterial blood 
bx arterial puncture and the oxxgcn consumption hx the usual 
technic Similar determinations xxere <.ame<! out bx Klein **x\ho 
pas'cd a catheter from n \cin m the right arm into the right heart 
llx this direct method iHutnann and Grollmnn found the xolume of 
circulation in hcaltlix uuhxidimKlictxxccn land > liters per mmntc 
Calculate<i on tlie basis of the IkmIx surfact thc^t \ aim's correspond 
to a carriiac index (page 3S) of nliout 2 2 hfen. per square meter 
bod\ surface per minute Ouing to the dircclJU'^s of the rnethoil 
these are tlie most ac-curate mensunments of the canliae output 
xxhich we possess and the xahditx of other inethmls max be checked 
b} comparison xxitli them 

Vnfortun'itch those direct methiKK of measuring the \ohimo of 
cirailation hx entering the right heart arc not aiiplnahlc to clmKal 
work because of the risk mxoUeil I or this reason a cnnsulerahlc 
number of indirect methods of npplxing tlie Tick principle hnxc 
been deM«erl and used cxtcnsivch 'Ihcx include both carbon 
dioxide and oxxgcn rncthoils the fonner being the more popular 
for tcchmcal rea‘ions \ anous procedures (e g that of Doiial”) arc 
adopted to obtain samples of the rcspircrl air corresponding m gas 
content to the arterial and mixed x cnoiis bloods V detailed descrip- 
tion of these methexJs is given In Grollmnn vxho considers none of 
them entirelx free from objections although the\ max furnish 
comparative results of considerable xaluc 

Methods Emplojrmg a Foreign Gas — I hesc methods are based 
on the pnnciplc that the amount of a foreign gas m the mspircfi 
air xvhi(K is absorhctl bx the blood is proportional to the xolume of 
blood flowing through the lungs r c the xolume of circulation 
Ihe subject breathes from and into a bag containing a mixture of 
air and a foreign gas of appropriate awl known sohibilitj in blood 
Successix c samples of the mixture m the bag arc taken and analx zc<l 
for their oxxgen and foreign gas content The first of the samples 
IS taken after the subject has rcbrealheil into the bag sufficicntlv 
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monary engorgement was furnished bj Baumann and Grollman * 
who showetl that the values obtained correspond verj closely to 
those obtained b> the direct hick method of puncturing the right 
heart and an artery (page 35) Oiilj in two instances— one witli 
aortic regurgitation and anotlier with phenobarbital poisoning 
(apparently unconscious)— were there considerable discrepancies 
with the direct method However this senes apparently included no 
instances of severe cardiac failure with pulmonary engorgement 
TiIcjMicluel** estimates the standard error of one determination 
by the acetylene method as 6 4 per cent and of the average of two 
ileterminations as 4 5 per cent 

The limitations of the aee>t)ene method are discussed in detail 
by Grollman The period during which the gas is breatlied should 
be less than tlie circulation time of the blood for the return to the 
lungs of blood containing notable amounts of acetylene would intro- 
duce a significant error (the minute amount of acetylene that 
quickly returns from the coronary circulation causes only a small 
error) In individuals with normal vital capacity and a circulation 
time that is not greatly accelerated Uic amount of acetylene return- 
ing IS probably too small to be significant and inorcov er the con- 
sequent small error is partly neutralized by a compensating error 
resulting from the acceleration of the circulation by the deep 
breatlnng But Grollman finds tliat when tlie velocity of blood How 
IS markedly accelerated— as in severe thyrotoxicosis or e-vercise with 
a volume of blood flow in excess of 10 liters per minute— the possi 
bihty of error due to recirculation has to be borne in mind Never 
theless, Grollman obtained a cIom. cheek with the direct method m 
an instance of Graves disease with the greatly increased volume of 
eirculat ion of 1 1 ^ liters per minute Christensen'® obtained tvcill ent 
results with the acetylene metliod in vigorous exercise tlie return 
of minute amounts of acetylene during the rebreathing period 
apparently mtroduemg no notable error 

Ihe (luestion of the applicability of the aietylene methods to 
patients with heart failure is an important one Ihat a tcnsional 
exjuilibnum between alveolar air and blood is attained m the pul 
monary engorgement of heart failure was establislicd by Baumann 
and Grollman who found tbit m two sucli cases the acetylene ten 
sions of tile arterial blood and alveolar air were almost identical 
It might be anticipated tliat m severe pulmon iry engorgement tlie 
clnnges m the lungs and thedunmished vital capacity would delay 
the attainment of a homogeneous uiutture m the lung bag system 
and equilibrium between alveoli and blood until past the tune 
when recirculation occurs and tlius render tlie acetylene metlioil 
invalid However Grollman Iriedman Clark and Harrison'* 
show ed that this error can generally be av oidexi by taking advantage 
of the fact that because of the slower velocity of blood flow m heart 
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to ensure a homogeneous mixture throughout the lung-bag sjstcm 
vhich 13 m equilibrium ^vltH the blood in tlic pulmonary capillaries 
The last of the samples must be taken before sufficient time has 
elapsed (about twentj-tuo seconds m health*) after tlie start of the 
rtbrcatlung for blood containing llie foreign gas to return to the 
lungs, for this Mould alter the rate of absorption of tliegasfrom the 
lung-bag sjstem Trorn the cliangc in concentration of oxjgcri and 
the foreign gas in the sutccssixe samples, and knowledge of tlic 
solubility of the foreign gas in blood, one tan calculate the solumc 
of blood passing through the lungs tliat absorbs a liter of oxygen 
This determination tloes not itself yield the \olumc of circulation 
of tlic individual at rest, for tlie breathing procedures necessary to 
obtain a homogeneous mixture m the lung-lng system alter the rate 
of circulation IJut if the oxygen consumption of tlie individual at 
rest be detcrinmcxl in liters per minute by the usual procedure for 
basal metabolism and this figure dividcxl by the volume of blood 
passing through the lungs that alisorlis a liter of oxygen, the result 
will be the number of liters of blocxl passing through the lungs of 
tlio resting individual per minute, t c, tlic volume of circulation 

1 he first foreign gas to bt employ ed cxtensiv cly w as miroua oxxde, 
introduced by Krogh and LmdliaixP* Later, Henderson and 
Haggard** applied ethyl todulc, their proceilurc was greatly improv c<l 
bv Starr and Gamble** However, various technical details mili- 
tated against the general adoption of either of these gases 

More recently, Grollmnn has appUal acetylene as the foreign gas 
He points out that this gas possesses a number of properties which 
ailapt it admirably to the puriiose Grollman finds, that the solu- 
bility of acetylene m blood corrcspoiwls closely to that in water, 
so that the physical laws for the solubility of gases in fluids can be 
applied to acetylene in blood Moreover, Baumann and Grollman* 
have sliovvn bv tomparativt stiidv of tlic acetylene tensions in the 
alveolar air and arterial blood that the gas passes very rapidlv 
through tlic alveolar walls sothat a verv quick tensional equilibrium 
13 attained 

Tlie acetylene proteilure has largely displacexl the otlier methods 
for the determination of the volume of circulation, being the tcclinic 
applied m most recent studies It does indccil, '=iecm to be the 
most generallv useful and accurate method for the measurement of 
the volume of circulation at present available lligorous proof of 
the accuracy of the aceytlene incthoil in the absence of severe pul- 

• Recently Gladstone^ has IjxcniebV (onvard evjdeneo Uuil because ol the hyper 

\calil8tion during the rebreathing prmedure blood containing the foreign gas msy 
return to the lungs w ithm l*n seconds To avoid an error due to such recirculation 
GUdatone haa modified the acetylena method «o that it la terminated ■within ten 
seconds However it appears that the error due to recirculation is not significant 
unless tho circulation is much accelerated and that eien then the error may not be 
considerable (see page 37) 



MEASUREMENT OF THE CARDIAC OUTPUT 


37 


mouary engorgement ^as furnished bj Baumann and Grollman,^ 
^vho showed that the values obtained correspond verj closely to 
those obtained by the direct I ick method of puncturing the right 
heart and an artery (page 35) Only m two mstances—one with 
aortic regui^itation and another with phenobarbital poisoning 
(apparently unconscious) — were there considerable discrepancies 
with the direct method Ilowever, thisseriesapparentlyinduded no 
instances of se\ere cardiac failure with pulmonary engorgement 
hichlichael** estimates the standard error of one determination 
by tlie acetylene method as 64 per cent and of the average of two 
determinations as 4 5 per cent 

The limitations of the aeeytlene method arc discussed in detail 
by Grollman The period during winch the gas is breatlied should 
be less than the circulation time of the blood, for the return to tlie 
lungs of blood containing notable amounts of acetylene would intro- 
duce a significant error (the uimuCe amount of acetylene that 
quickly returns from the coronary circulation causes onlj a small 
error) In individuals with normal vital capacity and t circulation 
time that is not greatly accelerated, the amount of acetylene return- 
ing IS probably tug small to be significant, and moreover the con- 
sequent small error is partly neutralized by a compensating error 
resulting from the acceleration of the circulation by the deep 
breathing But Grollman finds that when the velocity of blood flow 
13 markedly accelerated— as m severe thyrotoxicosis or exercise with 
a volume of blood flow in excess of 10 liters per minute— the possi- 
bility of error due to recirculation has to be borne m mind Never- 
theless, Grollman obtained a close check with the direct method m 
an instance of Graves disease with the greatly increased volume of 
urculationof 11 8 liters per minute Christensen*® obtained excellent 
results with tlic acetylene method m vigorous exercise the return 
of minute amounts of acetylene dunng the rebreathiiig period 
apparently introducing no notable error 

The question of the applicability of the acetylene methods to 
patients vv ith heart failure is an important one That a tensional 
equilibrium between alveolar air and blood is attame*d in the pul- 
monary engorgeraeut of heart failure was established by Baumann 
and Grollman, who found that m two such cases the acetylene ten- 
sions of tlie arterial blood and alveolar air were almost identical 
It might be anticipated that m severe pulmonary engorgement the 
changes in the lungs and the diminislied vital capacity would delay 
the attainment of a homogeneous mexture in the lung bag s> stem 
and equilibrium between alveoli and blood until past the time 
when recirculation occurs and tlius render the acetylene metliod 
invalid Ilowever, Grollman, Incdman Clark and Harrison** 
showed tliat this error can generally be avoided by taking advantage 
of the fact that, because of the slower velocity of blood flow in heart 
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failure recirculation usually tlocs not become significant in less tlian 
thirty ssceonda 1 hia tiiables tiu, first gas sample to he taken t\v ciit\ 
seconds after the start of the rtbreatbmg nliicli ollons tunc for 
liomogtncous mi\turc in the lung bag system Subsequent samples 
art taken at tneiitj fi\e anil tliirt\ seconds and if the value calcu 
litcil from tlie twentj-aud twentv five^ccond samples agrees with 
tint from the twenty five- ami thirty -second simples the deter 
minations niav be taken as reliable ^fcGuire and Ins associates’^ 
have foinjiared the results obtained by tins teclniie with those of 
the dire“ct 1 lek method (puncture of the right heart) m 0 patients 
with severe heirt failure and puliiionarv eiigorgcinciit Ilicrt was 
practical identitv in 3 of the cases but m the others the acetylene 
method wliile agreeing ijuahtativih wit)i the direct procedure 
yielded lower ibsolule values 

It would appear tliat the tardi tc output can be measure I by the 
acetylene rncthid in all but severe pubiioinrv engorgeinent in which 
the vital t«i)uit\ is verv low In severe emphvscina the acetylene 
method mav be nn])])lical>le for llanmann and Grollinan found a 
dviTtrence of U) per lent between the aetlykne contents of the 
sample from the lunj, hag sy stem uml the arterial blood , apparentls , 
•\ homogeneous mixture had not been attained because of the defect 
in respiratorv mechauics 

HOBMAL VALUES AHD VAIUATIOH5 OF THE CABDUC OUTPUT 

It was mentioned above that Dauiiunu and Grullman found by t 
direct I ick method upjiarciitly devoid of any evmsiderablo source 
of error that the vuluiue of cireulatioii in health is between 3 ind 
5 liters per niinutc or about 2 2 lilcts per siju ire meter of bodv sur 
fact per nunute llie results of Uit otctvlcne method are the same 
In oO bcalthv voung adidts in the basal state Grollinin found the 
volume of circul ition to be between 2 9t» and 4 bl liters per minute 
Ihis conswltrable v inatiun is due to ddrennecs m the size of the 
individuals Lindhard” sliowed that m a general wav the volume 
of circulation is proportional to the oxidative meUboUsin Inas 
much as the htter varies with the body surface it might beexjiectcd 
that this would also be true of the volume of circulation Grollmaa 
has shown this to be the ease He finds vvitli the acetylene method 
that tlie volume of circulation of Iicaltliy adults is 2 2+ 0 f liters 
per square meter bodv surface jicr iinmite the average deviation 
from the mean being only 6 4 per cent Because of this close pro- 
portionality of the volume of cirtulition to the body surface Groll 
man uses the term cardiac in^ex to designate tlic volume of circula- 
tion for each sijuare meter of body surface per minute Determuia 
tions by Galie** with the nitrous oxide method indicate as woul I 
be expectcxl tlvat the cardiac index is ingber m tlnl Irem than in 
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adults In adults between forty and eightj jears, Le\\is“ found 
a \er> small decrease in cardiac index with ad\ancing jears This 
corresponded to a decline in oxj gen consumption, the artenov enous 
oxjgen difference changing little 

The disputed question of the effect of posture on the volume of 
circulation is discussed on page 176 

A number of phjsiological circumstances affect the volume of 
circulation As would be expected, it has been found that emotion, 
muscular exercise, the ingestion of food, or anj other moment 
tending to increase metabolism is accompanied by augmentation m 
the volume of circulation Tlie relation of these and many other 
factors to the v olume of circulation has been inv estigated bv Groll- 
man, to whose monograph the reader is referred He found that 
environmental temperature has little effect on the volume of cir- 
culation below 30® C , but that above this the cardiac output rises 
with greater temperature Grollman showed that residence on 
Pike’s Peak or experimental anoxemia of like degree increases the 
volume of circulation, but that this occurs onlv after a certain 
period of time, which he interprets as indicating that the increased 
cardiac output is not due directly to the anoxemia but is a secondary 
result of other adaptations of the organism With very low oxygen 
tensions of the inspired air. corresponding to below about 11 G per 
cent of oxygen, Grollman found an immediate increase in cirdiac 
output He detected no definite correlation of the volume of circu- 
lation witli the menstrual cycle 

As might be expected, variations in metabolic rate tend to call 
forth corresponding alterations in cardiac output m disease as well 
as health This is best lUuatratcd by the* great increase in volume 
of circulation m hyperthyroidism and decrease m hypothyroidism 
There is also evidence that the increased metabolism of fever like- 
wise augments the volume of circulation Another pathological 
moment that tends to occasion compensatory increase in cardiac 
output is the decreasexl oxygen-carrying capacity of the blood m 
anemia These and other pathological variations m volume of 
citculatiou will he described m the sections ou tlu. individual 
disturbances In the next paragraphs, only the effects of circula- 
tory failure as such on the volume of circulation will be discussed 

THE VOLUME OP CIRCULATION IN HEART FAILURE 

It seems a reasonable assumption that heart failure should (end 
to dimmish tlie volume of eireulation from the level that would be 
maintamevl at tlie same metabolism witli unimpaired eirculatory 
apparatus If the limitation implied by the word ‘tend ’ be borne 
in mind, this assumption, long made by clinicians, has been estab- 
lished by recent investigations The vast majority of individuals 
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^\lth heart failure have a ciiminislictl cardme output But m excep 
tioinl cabe$ v> ith definite niptoins of heart failure thi!> tendency to 
decrease m eardue output is o\ ereoine Iiy eompensaton mccliamstns 
and the volume of circulation maintam^ at the same level as when 
sviuptoins of heart failure are absent Ihe state of alfairs is an do 
^ous to tlmt of the patient wiUi renal disease who cannot elaborate 
a unue of lugh concentration but twsverthelesa has no nitrogen re 
tention bee-ause of exiinpenaatoiy polyuna 

Ihe pioneer observations on the volume of circulation in heart 
disease were made by PJesth ** Using u method of questionable 
aeeuraej based on the 1 ick principle witli oKjgcn he measurc'd the 
mimitc volume m 7 patients with tardiae disease In b of these 
the minute volume was within nonnd bniits jn the other it was 
high but this maj liave been due to ueconipunjing severe incmia 
binte all of Plescha patients were well coinpensiteil his fiiuhugs 
threw no light on the problem of the minute v olunie in heart failure 
Siinilurlv ISewburgh and Means using the nitrous oxide method 
found m a patient with compensated mitral and aortic defects that 
the minute volume IwUi at rest and after CMTcist di I not deviate 
(vseiitidly from the norinat 

riic Hrst observations of the volume of eireiilution in licart f iilure 
were earriexl out bj lundsgaatd** lit used the nitrous ogtle 
ineliiod of Ivrogh and Lmdhanl While Grolhmin states that in 
the preacnc-c of puliiiunar^ cngor^gemeiit this metlioil gives absolute 
values which are probabh too high nev crtliclcss luudsgaards 
figures arc doubtless of comparative value uiid show at least the 
ihrcction of ch Inge'S in nmiutc volume In 5 of tlie 0 detompen 
sutex] eases of valvular disease which he studici! the volume of cir 
culatioii was depressol vtrv inarXcdh while the individual with 
a muiute volume appruxunatiiig the iiurnial was only slightlv 
tlieompensated In some of I undagaanl s patients the eanliac 
output was well under half the norma! llie btruhe. volume was 
de'creascd relatively more tliaii the minute volume However 
lundsgaard noted that no proportionality enstctl lictwecu the 
depression in volume of circulation and tlie seventy of the chmeal 
manifestations of cardiac failure In fiet lundsgaard found that 
2 of 4 cases of valvular disease which were elimcany compensated 
Inad subnormal cardiac outputs 

lollowing the work of Lundsgaard numerous studies of the 
minute volume in heart failure were carried out, Ihey include 
investigations with metliods based on the Fick principle using 
either carbon dioxide or oxygtu Ofealnis Dautrebande and 
letter eppmger Kisch Schwarz and von Papp '* fennth Walker 
and Alt Twig and Hinsberg**) woth ethyl iodide metliods (lien 
dtrson and Haggard Ringer and Altschule ** '\Iobitz kinm 
month “ I^uter and Baumann” and Starr Collins and Wood** 
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with a greatly improved technic), with the original acetjlene 
method (Stewart and Cohn,** I&oetz,*^ Bansi and Grosscurth,’ 
Grassmann and Herzog,'’ Kerkhof**). and with the concentration 
curve of injected dje (Hamilton, Moore, Kinsman and Sperling’”). 
Except for the acetylene and the unproved ethjl iodide methods 
in relatively well-compensated patients the accuracy of absolute 
values obtained bj these methods is open to question Even the 
original acetjlene method witliout the modifications necessitated 
by diminished vital capacity (page 37) is not reliable in heart 
failure However, the general direction of the changes m cardiac 
output 13 probabl} correct m most cases 

Except Eppinger” and his associates* all these investigators 
find that when the cardiac output is changed by heart failure, which 
13 not alwavs the case, it is diminished However, a number of 
mvestigatoris have found that there are cases w ith definite sv mptoms 
of heart failure in which tlie cardiac output at rest is within the 
limits of normal iMoreover while the cardiac output mav fall as 
the symptoms of heart failure become worse and rise with improve- 
ment (see below), there are also instances in which the restoration 
of compensation is accompanied by little change in the volume of 
circulation In severe heart failure, the fall in cardiac output may 
be very striking Thus m a decompensated patient with mitral 
stenosis and auricular fibrillation, Grassmann and Herzog found 
the minute volume by the acetylene method 42 per cent below the 
estimated normal Doubtless, the depression of the cardiac out- 
put may be even greater thin this in extreme failure in which 
present methods for measurement of the volume of circulation 
cannot be applied Almost always, with the exception of cases 
with heart block, tachycardia results m the stroke volume being 
lowered more than the minute volume In the above-mentioned 
case of Grassmann and Herzog the stroke volume was at times as 
low as 14 cc , a sj stolic discharge of the order of one-quarter the 
normal 

Because of technical inadequacies, the clinical studies thus far 
cited left much room fox doubl toncermtig the eilecl of heart failure 
on the volume of circulation To a considerable extent, this has 
been cleared up b> the splendid investigations of Harrison, Eried- 
raan, Clark and llesnik,” who have obtained valuable data regard- 
ing the volume of circulation m heart failure As mentioned above, 
tliese investigators and Grollman have modified the acetylene 

* In detailed in\ cstigatiooa using a method based on the Pick principle Eppinger 
and bis co-workers found that the cardiac output u somcliucs mcrcascd over the 
normal value especially during attacks of cardiac asthma These observations are 
diametrically the opposite of those made by all other inv estigators and do not accord 
withuhat ononould anticipate from tbeclimcal picture os pointed out by Grollman 
they are doubtless the result of technical madequocica of the method emplojed for 

the determination of the cardiac output 
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iuLtlioiI so that it uppcara to afTotd reliable results with even con 
sidtrable ikj.rces of heart failure Ilarnson and his associatu 
stiidiwl 27 tanhuc patients who were free from symptoms at rest 
junl ly with congestive failure 15 subjects were studied iii both 
cutiditions I htj sumtnarue their fintliu{,s as follows 

ihe tanltit output ]M.r mmutc of patients with ewigestive 
liiart failure is usuallv from 10 to JO per cent leas than that of 
iiorniil siibjicta but iniij be within the normal range Patients 
witliout eirculatorv disorders im) luivc an equallv low cardiac 
output llie level of the cardiac lutput per iniimte whether 
eonsulercxl as such or in relation to the nictabohe rate bears no 
relation to the prcMiicc or al>stiue of ctingtj>tivc failure for 

1 IJie ringe and the average v due's of the cardiac output are 
similar for e< mpeusatcel uml Icesmijicnsated p itients 

2 In a given individud ehnieal uuprovtment anl ilisappear 
nm'c of e'uiigestn e phei omeiia ijia> Im. us oci itesl w itlt an increase a 
dctreaM. i r no eliangc in tins function fii general llie output of the 
heart jicr Ik it ten U to Ik. somewhat less during e-ongestuc failure 

More rvieiit imestigatuns confirm the lack if dose parallelism 
bitwetn the intensity eif svinptoms of heart failure and diminution 
in lardiae output lliejdosbow however tliattJiG cardiac output 
IS elecrcasexl ui the vast majority eif mstuiuxs of cardiac uisuflieieuej 
lhu9 Me*G«ire and hw assoentc's** found the tardiac output sub 
nuniml in IJ of J) jntients with heart failure the avenge lanhac 
output w is I o2 liters per square meter bod> surface per minute as 
coutrostesl with 2 U> liters m the controls Stewart^* found that m 
valvular disease failure rc'sults m dccrease'd volume of circulation 
with recover) the cmliac ontjiut increases but usual!) does not 
regain the level inanitained before the heart failed 

As would le iiiticipatc'd atTh)tJiima ten Is to lower the cardiac 
output KtrUior* an! Sicmrt** and his asscKiites found tlie 
caniiac output dumnished ni auricular hbrillitioii auricular flutter 
an 1 paroxvsjn il taeh)ean]ia Stew art also obstrvrtl that the minute 
volume IS geiierall) lessened in heart block although the stroke 
volume IS augmented 

Effect of Exercise on the Minute 7oluae in Heart Disease — 
Mail) mlividuals with eompeiisalcd cardiac steam are able to 
perform vigorous eicrcise It is therefore not surprising tliat as 
mentioned above 'sewburgh and Means observed that a patient 
with c-ompensate-d lortie ani iiiitril disease increased his cardiac 
output m response to graded muscular work much as did a normal 
subject Situilarly biuith t\alker and Alt** found that when 
7 patients with compensated Iieart disease (chronic rlieuraatic 
valvular defects subacute rheumatic fever thromc m)ocarditid 
an 1 loinplite heart block) were subjected to moderate exercise on 
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the bici'cle ergometer the cardiac output was augmented essentially 
as in normals. 

Perhaps more important is the question of the effect of exercise 
on the cardiac output in heart failure. It is to be anticipated that 
even in those cases of cardiac failure in which the volume of circula- 
tion at rest is within normal limits, the patient will be unable to 
increase his cardiac output on exercise as much as he could when 
healthy. In accord with this conception McGuire and his asso- 
ciates” found with the tjiree-sample acetylene method that an 
exercise which augmented tlie cardiac output of normals by an 
average of 2.07 liters per minute, produced an increase of 1.21 
liters in patients with c-orapensatcd heart disease and only 0.75 
liter in decompensation. 

The minute volume of cardiac patients in the recoverj’ period after 
exercise has been studied by Bans! and Grosscurth.* They found 
that in well-compensated heart disease the cardiac output increases 
with the oxj’gen consumption. But they made the further observa- 
tion that after the exertion is over, tlic volume of circulation does 
not return to its resting value as rapidly as in health. Thus, for 
e.\ample, while the minute volume of their normals dropped to its 
resting value within six minutes after cessation of exercise this took 
about sixteen minutes in one of the cardiac patients. This prolonga- 
tion of the post-c.xertional increase hi minute volume in fairly well- 
compensated lieart dbeasc was found by Bansi and Grosscurth to 
accompany a corresponding protraction of the increased oxj-gen 
consumption due to the e.xercise. In other words, e%'eu in cases 
witli verj’ little clinical evidence of heart failure, more of a “circu- 
latoiy debt” and of an “oxjgen debt” in the sense of Hill are 
accumulated during e.xercise than does a healthy person. This pro- 
longation of the post-exertional increase in oxygen consumption 
would seem good evidence that, even though the minute volume 
at rest was normal, during exercise the volume of circulation was 
not increased to as high a level as in an individual with intact 
circulatoiy apparatus. In neuroses witli circulatoiy manifestations, 
and Grossewrtb d\d wot ob&ervo ^lolongatlow of tlw leoovcty 
period. They therefore believe that the protraction of the post- 
exertionai period of increased cardiac output may be a sensitive 
indicator of minimal degrees of Iieart failure, which are not evident 
from the clinical findings. 

The Arteriovenous Oxygen Difference in Heart Failure.— Infor- 
mation regarding the cardiac output may also be derived indirectly 
from tlie arteriovenous oxj'gen difference. Since the basal metab- 
olism (oxj-gen consumption) of patients with heart failure is either 
normal or more often increased, one would anticipate that decrease 
in cardiac output would be manifested by an increase in the differ- 
ence between the o.xj’gen contents of the arterial and the mixed 
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\ enous Wood entering the nglit aunclc In tlie acetylene methexi 
for muisurnig the tardme output tlic arttriovtiious oxygen di/Ter- 
tact 13 ilctcrmmcd normdly, it is about 00 tc per liter In very 
severe luart failure Grassiuanii and Herzog” and Harrison’* and 
Ins associates found tliat the arteriovenous oxygen difference may 
uvcecil 130 cc per liter, a figure which represents the utilization 
of more than twic-e tlie normal proportion of the oxygen of the 
arterial blood However Harrison and ins school have shown tliat 
there is no close proportionality between (he seventy of heart failure 
uiid tlie arteriovenous ilifftrcnce at reat and that tlie former may 
be accompanied by a normal arteriovenous difference which may 
not change during unprovemtiit UJieu present the gri ater arterio* 
venous oxvgen (and eurbon dioxide) difference subserve's a c-om 
pensatory function in at least partially atoning for the decrease m 
volume of bloexl flow Uut it jircsuuiably carries with it the inher- 
ent disidvantnge that the tissues arc supplied with oxygen at a 
lower average tension even though the oxygen saturation of die 
urtcriul blood 13 tiurina) 

lUSLATIONS OP THE CARDIAC OUTPUT TO THE CLINICAL 
EVIDENCES OF HEART FAILURE 

The investigations eitexl in the foregoing show that heart failure 
results in actual or potential dinimution in the vohnne of eircuiation 
iht word jjoteiituil is mtroduexxl bcciuse in slight or moderate heart 
failure cvui with symptoms at rest the volume of einuktion at 
rot limy be witlnii tlic limits of normal dimmutiou in cardiac 
output ap])ears only when the strain on die eareulatoiy apparatus 
IS mcrcaseil by txerei&c md tlicn only in the relative sense that 
the volume of circailation is not auginenteii as much as normally 

Nevertheless ifinim/hoM in the i^ime of circjilntion w not to be 
reffurded as the cojiiplds dynamic aubsiTatuvi of the chmeat conetpi 
oj Icari failure tivinoi io be iiwughtihnl all the clinical manijeatattons 
of heart failure are conscQueaccs of o »uhnorinaf volume of blood 
/loie rills IS iimnciiiately intlicatv^ by the fact— already ixantcd 
out in tlie first studies on catxhac output in heart failure by Lunds- 
gaard but best established by the dctaileel studies of Harrison and 
his school— tliat tliere is no close parsdlclistn between tlie intensity 
of the ehnical manifestations of heart failure and the volume of 
cu-culation Harrison ci al ’* 1 wig and Hinsbcrg *’ Grassmann and 
Herzog *’ and others have found tliat a patient witli heart failure 
may improve and such manifestations as dyspnea and edema clear 
up even through there lias been no change m cardiac output Some 
of Iwig and Ilmsbcrgs hyiiertensivc patients witJi heart failure 
had a krger cardiac output than otlicrs wlio were well compen- 
sated In mitral stenosis also Grassmann and Herzog observed a 
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small volume of circulation m the absence of symptoms of heart 
failure Various observers have found that Graves’ disease may be 
accompanied by sucli symptoms of heart failure as swelling of the 
liver, edema about the ankles, and cjanosis despite a minute vol- 
ume that IS well abore normal It is doubtless true that m such 
cases, because of the mcrcased o^gen consumption, the minute 
volume would be even higher if the heart were not insufficient, i e , 
there is a relative diminution in the canliac output below the lev el 
called for by its usual dictator, the respiratory metabolism Ne\ er- 
theless, these cases are important m that thej demonstrate that the 
clinical picture of heart failure maj be present despite a v olume of 
circulation abov e the normal 

Because of the usual tachjeanha the correspondence between 
diminution m stroke volume and the intensity of the clinical mani- 
festations of heart failure is closer than betw een the latter and the 
minute volume But even m the case of the stroke volume the 
inverse parallelism is by no means invariable 

It thus seems clear, as especially Hamson has emphasized, that 
heart failure docs not produce its clinical mmifestations— the 
sj mptoms and signs of decompensation— solely through diminution 
m the volume of circulation Indeed, it w ill be seen m the analysis 
of such classical symptoms of cardiac failure as dyspnea cyanosis, 
and edema, that lessened cardiac output is only one of the factors 
m their pathogenesis, and one which is often absent or of only 
secondary significance As will be seen in the following chapters, 
it la usually only m the tennmal stages of heart failure, or when 
the latter is of very sudden inception (is in coronan thrombosis or 
paroxysmal tachycardia), that there appear manifestations of a 
deficient volume of blood flow through the organs at rest Only 
m some instances of acute heart failure, notably m coronary throm- 
bosis, does it appear that the major part of the clinical picture results 
from inadequate blood flow to the organs due to decreased cardiac 
output 

The lack of parallelism between the intensity of the symptoms 
of most instances of heart /adure and the \o\ume o! circulation is 
largely due to the operation of two varieties of compensatory mecha- 
nisms (1) Mechanisms tending to maintain the cardiac output 
despite functional impairment of the heart, and (2) mechanisms 
increasing the utilization of the cardiac output when the latter is 
diminished These mechanisms wdl be discussed m detail in later 
chapters, but may be briefly outlined here 

Factors Tending to Elevate Cardiac Output in Heart Failure — 
The primary characteristic of heart failure of any considerable 
duration is engorgement of the vascular bed upstream to the func- 
tionally unpaired chamber of the heart In left-sided failure the 
pulmonary circuit is engorged, in right sided failure the venaj 
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ca\n 2 and tlieir tributaries The pressure in the engorged segment 
of Uie \ascular bed is increased In accord v,u!i Starling a law of 
the heart, this increase in tension increases Uie diastolic filling of the 
failing clionibcr and tlicrebc augments the work performed b> this 
chamber lu the succccHimg systole Through this niechamsm the 
output of the failing chamber is clcvatcoi and niaj reach tlie normal 
lc\cl I3ut the engorgement of the stream bed upstream to the 
fading chamber which tends to raise the output has at tlic same time 
deleterious effects which result in the classical sjniptoms of heart 
failure It will be seen m htcr chapters tliat the most important 
factor m tlic production of cardiac d>spnca is the pulmomrj engorge- 
ment just dcscrdicd and tint cardiac edema is due primarilj to 
engorgement of the sistcinic acins It is thus clear whj tliere is no 
proportionality between the symptoms of heart failure and the car 
diac output the renj change in the dutinbiitim of blood ichich tends to 
mamfain the cardiac output calls forth soi ic if the cardinal symptom 
of heart failure 

More Efficient PtiHr-ation. of the Cardiac Output— \Micn the 
cardiac output is decrca-ud there arc two main mechanisms which 
tend to bring about more efficient utihzatioii of Uic smaller volume 
of circulation The first of these is tlie increased arteriovenous 
oxygen and carbon dioxide dtircronccs already described prcsum* 
ablv, there arc similar increases in the arteriovenous differences of 
tlic other suhstanccs that arc exchanged between IiIockI and tissues 
Vs a result of tlic greater arteriovenous diircrencc each cubic ccnti 
meter of blood pumpcil by the heart delivers a larger volume of 
oxygen to tlic tissues than normallv sometimes twice as ranch 
ITic ‘second mcciiamsm in question IS the diversion by vasoconstnc 
tioii in inactive or less active organs of a liigher proportion of the 
canine output to the organs where it is most fhcrc is 

exiienmcntal proof that this mechanism functions when the cardiac 
output is diminished by various procedures (page Oil) andit would 
seem altogether hkcly tliat the same is true when diramution m 
cardiic output is due to heart failure Such a mechanism would 
explain for example, the pronounccil coldness and cvanosis of the 
hands m some patients witli mitral stenosis who have nciOver svs 
temic venous engorgement nor notable dvspnea Vs in the case 
of otlicr bodiK functions die volume of circulation m health doubt- 
less possesses a large factor of safety— a Ivixus volume of circu- 
lation if we may so term it— which can be encroached upon con 
siderably before symptoms appear 

Penpiieial Circulatory Failure —I am not aware of measurements 
of tlie cardiac output m human penphcnl circulatory failure But 
the clinical manifestations leave no doubt that the volume of cir 
culation 13 greatly decreased and this is substantiated by the 
findings in evpenmental shock Blalock* sliow ed that the volume of 
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circulation is decreased in shock produced bj trauma, hemorrhage, 
or the injection of histamine, and Burch and Harrison* that the same 
is true when circulatory failure results from spinal anesthesia. 
These investigators found that in traumatic and hemorrhagic shock 
the decrease in cardiac output precedes the fall in arterial pressure, 
w hile the rev ersc is true in the experiments w ith histamine and spinal 
anesthesia. Apparently in trauma and hemorrhage vasoconstric- 
tion is able to maintain the artenal pressure despite a considerable 
fall in cardiac output due to decrease in circulating blood volume 
(page 631), while histamine and spinal anesthesia prorluce an initial 
vasodilatation. 

The ev idence seems adequate (cf Chapter XXXI) that, contrary 
to chronic heart failure, the clinical manifestations of penpheral 
circulatorj failure are due almost entirely to decreased cardiac 
output w ith resultant inadequate perfusion of the organs 
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CHAPTER III 


THE VELOCITY OE BLOOD FLOW 

Unless the circulating blood volume is correspondingly dimin- 
ished, decrease in cardiac output entails retardation of the speed 
at which the blood circulates Tliis slowing of blood flow partici- 
pates m the production of many of the symptoms of heart failure 
For this reason, the velocity of blood flow has been studied quite 
extensively in the short time since methods for its estimation m 
man have been devised Ihe attempt has also been made to use 
the circulation time as an indication of the presence and degree of 
circulator} insufficiency All these matters are discussed in detail 
in the splendid monograph of Blumgart * 

The speed with which the blood flows changes continuously as 
it makes its circuit This alteration in velocity of blood flow is— 
considering the entire cross section of the vascular bed— determined 
primarilv by the h}drodvnamic pnnciple that the speed of a fluid 
column varies inversely with its cross-scction The architecture 
of the v ascular tree is such that its cross-section increases progrea- 
sively from the aorta to the capillaries, and then diminishes in 
similar continuous fashion from the capillaries to the vena cavie 
The changes in cross-section arc of enormous degree and tiie atten- 
dant variations in velocity of flow are of correspondingly formidable 
magnitude Measurements of the velocit} of flow in dogs by 
Burton Opitz^ and other investigators quoted by Wiggers” ha\e 
afforded results of the following order 240 mm per second m the 
carotid arterj 1 mm per second m the capillaries, and 150 mm per 
second m the jugular vein The velocitj m the large veins is slower 
than m the corresponding artenes because of the greater cross-sec- 
tion of the former 

Unfortunatcl} technical considerations have as yet prevented 
the carrjing out of such direct measurements of the velocity of 
blood flow in man It has therefore been necessary to resort to 
the "circulation tune ’ as a clinical measure of the velocity of blood 
flow 

THE CmCOLATION TIME AND ITS MEASUREMENT IN MAN 

By the circulation time is understood the time necessary for the 
blood to pass from one point of the vascular s}stcm to another, 
i c , the cuculation tune vanes mv«sely as the average velocity 
of blood flow for the stretch in question Such measurements were 
first made b} Henng,® who mjectwl potassium ferroc}anide into 
4 ( 49 ) 
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one jupiiJar \ciri of n lion>e and dctcrinitiLcl bj tlie tune of appear- 
ance of the Trussnn blue Tcaction tJiat the blood took taentj six 
and too-ttijfhs iccoiids to reach the other jugulir vein Ihc same 
mctliod \\n3 upplitd to man b> Koch'* m 1922 He injected a 
solution of fluortscin into in antccubital \cin and bj withdrawing 
successn e ^pmmciis of hlooil fmm the other antccubital \ em detcr- 
imiial tliL tunc rciinircii for the substance to jiass from one arm 
M.in to tilt other Koch found tint m licalthj adults the arm to- 
arin circulation tunc Nanis Iictwccii twelve and twcnt>-six seconds 
with an avirigt of about twenty sotonds and tends to bt Jess m 
the Nonng 

Notable nihaniia hii\t littn made b\ lUvungart’ and bis asso- 
ciatis who ha\L introdiutil the use of thcactive dcpositcof radium 
(radium f) for the nuasiircinint of tin. circulation time iliey 
inject radium C into an aiitcciibitnl vein and b\ iiicatis of a suitable 
diticting dcMCc oWrN c the timcrcquiuHl for the radium deposit to 
nath the ri^.lit heart (arm to-hcart time) ami further the tune 
rcfjuirial for the stihslanct to travilfrom the rij^ht heart to the arter- 
ies of the tirni Illuingart terms (he Inttir interval the trude 
puimon in circulation time U tiitbidcs nut oiilv the time rc'quircd 
fur the bliKHl to traverve the putmonar} circuit but also that con 
suinci! m (he passage from the left heart to tlic brachial artcr> 
However the latter is so brief that for practical purposes the crude 
puluionnn cireaihtiou tune inn> be considired to provide an adc- 
(jualc r>timate of the puhnonan circulation time Blumgart and 
\\ci»a* hive ditcruuueil the actual pulinoinrv circulation time b> 
applv mg a stnndanl correction bostaj on other measurements 
\\ith the ndium incthoil niiiingart and Ueiss foiml that m 
health the circulation time from an nnte'cubital vein to the opposite 
autccubitil arteries vanes from twelve to twenty four seconds m 
difi’crtnt mlividuals with an average of eighteen seconds Ihe 
arm to-hcart tune is between two anil fourteen seconds with an 
av crage of sex and six tenth vcconds Thev find the pulmonarj 
circulation time to vary between five and ‘•evcntccn seconds the 
average lituig ten ami ciglit tenth seconds But in tJie same 
subject Bluingart and Weiss have determined tint the pulmonarj 
circulation time is imicJi less variable successive measurements 
have an average deviation of onlv two seconds and a maximum 
V vn ition of three and a half seconds 
Clinical Methods for the Measurement of the Circulation Time — 
Iht appiratus required for tlic ndium method precludes its general 
application 1 or this reason a number of other substances have 
been used for the clinical measurement of the circulation tune 
Histamine —Weiss Ilobb and Blumgart” inject into an onte- 
cubital V cm 1 to 5000 or I to 10 000 solution of histamine phosphate 
m amount equal to 0 001 mg per kilogram of body weight The 
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arrival of the histamine iii the minute vessels of the face is signalled 
by flushing of the face, which is generally corroborated by a peculiar 
metallic taste m the tongue Weiss et al found that the arm*to- 
face circulation time by the bistamme method averages twenty - 
four seconds in health Unfortunately, the injection of histamine 
in patients with circulatory failure is often followed by severe 
reactions consistmg principally m violent dyspnea, like an attack 
of cardiac asthma Violent headache may follow Tor these 
reasons, histamine has been largely abandoned in favor of the 
substances mentioned below 

Sodium Dehydrocholate (Decholm) —Tins substance was intro 
duced bv Winternitz Deutsch and Bniell ” and extensively applied 
bv Tarr Oppenheimer and Sager*’ m various pathological states 
Five cc of a 20 per cent solution are injected into an antecubital 
vein and the arrival of the substance m the capillaries of the tongue 
IS signalled by a bitter taste With this methoil, Tarr, Oppenheimer 
and Sager found the arm to tongue circulation time m health to 
vary between ten and sixteen seconds 

Sodium Cyamde —Robb and Weiss'* have applied the stimulation 
of respiration by sodium cv anide as an objcctiv e method of measur- 
ing the circulation time They use a 2 per cent aqueous solution 
of sodium cyanide the optimum dosage being about 0 11 mg of 
sodium cv anide per kilogram of body weight for antecubital injec- 
tion for injections into the jugular vein two-thirds of this dosage 
was used and for injection into a foot vein one and a half times the 
antecubital dosage The signal reaction is a sudden deepenmg of 
respiration which can be observed directly or recorded graphically 
Hobb and ^\eiss bring evidence that the deepenmg of respiration is 
due to stimulation of the carotid sinus b\ the sodium cyamde, so 
that the method measures the arm to-carotid circulation time In 
normal subjects they found that the arm to-carotid time vanes 
between nine and twenty-one seconds with an average of fifteen 
and si\ tenth seconds the average foot to-carotid time was twenty - 
seven and seven tenth seconds 

By mixing sodium cyanidt with the solution used by Spier, 

right and Savior (page 53) Kvilc and Ulen'* found that the 
c\ anide circulation time is longer than that obtained with the other 
solution I hav c also often found that the circulation time indicated 
by saccharin is less than that with sodium cy anide While the 
sodium cyanide method has the advantage of being objective it is 
thus clear that the subjective methods afford a closer approximation 
to the actual circulation time 

Saccharm —Tins substance has been used bv I ishberg, Ilitzig 
and King* for the measurement of the arm to-tongue circulation 
time Two and a half grams of soluble saccharm (Merck) is dis- 
solved by heating in 2 cc of stenlc distilled water It is important 
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llut the licatmg be onlj juit suiCcuuit to dissoKc t!ic saccharin 
else stillicient evaporation mil occur to result m rccrjstallization 
Ihc solution IS taken up in a 5-cc s>'nnge attached to a 19 gauge 
needle and alJoncil to cool spontaneously to bod} temperature 
Iht saccliarm stilution is obtainable m ampoules vvliidi greatly 
facilUatca the t«>t i he patient reclines in bed m a position which is 
as ncarl) flat as comfortable He is instructed to rcla’c and not to 
hold Ins breath following the insertion of tlie needle He is also told 
that he will tjqKricnce a sweet taste winch he should announce 
immedntil^ Ihc arm is supporteil on a pillow so that tlie vein 
chosen vs approMinntclj level with the heart A tourniquet is 
applied just before the luscrtmti of the ncctllc mto a large antecubvtal 

V till atid reiiiov cd as soon as the needle is m the \ cm After w aitmg 
about a minute for anj circulatory disturbance consequent on the 

V cncpiiiictureand application of the tourniquet to subside the mjee 
tion w performexl as rapidly as feasible I he importance of rapid 
injection 13 to lie strcssol Ihc tune elapsing l>tlwicn the injection 
and the perception of the sweet taste is recorded witli a stop-watch 
Ihc subject usually discnbcs the sweet taste as passing with great 
rapidity from the bise to the tip of the tongue and qu/tUv dimm 
islnng 

Uv this methixl the ann to-tonguc circulation tune m health is 
between nine amt sixteen seconds I ImiiC now used Uic saccharin 
mctliod for over six Jeirs and have found it of great value m 
the clinual study of arculatoty failure A disailvantagc of the 
method is that occasionally local venous thrombosis results, the 
frcxpuncy of tins is leas the morcskilfulU the injection is performed 
but sometimes cspccnlly m patients with venous engorgement it 
IS unavoidable ladurc to allow the solution to cool almost to 
body icnipcraturc aho sc'cras to favor thrombosis Pam along the 
course of the brachial 'em is not rare but is not severe and soon 
passes flwav Ihirc is no constitutional reaction to the injection 
of the saccharin w Inch seems to be entirely innocuous m tlie dosage 
of 2 '■> grams 

Ether — Ilitrig' lias introtluccoj the injection of ether as a measure 
of the arm to-lung circulation time live mmuns of ether mixed 
with an equal volume of physiological solution of sodium chloride 
is injected mto in antecubital vcm and the tune chpsing until the 
ctlicr vapor m tlie cxpircvl air is perceived by the subject and gen 
crall} also by an observer is notctl llie interval is a measure of 
the circulation time between the antecubital vcm and the arterial 
capillaries of the lung which in healtli varies between four and 
eiglit seconds Normally the ether time is about one-half the 
saccharin time but m heart failure this relation may be disturbed 
ami Uierebv vield information regarding tlie type of circulatory 
failure which will be described bdowr 
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Various other substances have been used for the measurement of 
the circulation time Among them are carbon diovide (Gubner, 
et af’), magnesium sulphate (Bemstem and Sirakins*), and calcium 
gluconate (Wall^*) 

Circulation Time of Different Cucoits —Spier, Wright and Saj lor** 
have recently introduced a procedure for the coincident determi- 
nation of the circulation tune from the antecubital vein to the 
tongue, each hand, and each foot lhe> inject 2 cc of a solu- 
tion containing 42 grams of magnesium sulphate, IG grams of cal- 
cium gluconate, 0 9 grain of sodium chloride, and 1 mg of copper 
sulphate in 100 cc of distilled water The arrival of the solution 
at the points m question is signalled h^ a sensation of heat The 
average circulation tune to the tongue is fourteen and sne-tenth 
seconds, to the hands twentj-six seconds and to the feet twentj- 
eigbt seconds, but there are considerable normal variations from 
the average Turther data indicating the value of the method m 
the study of peripheral vascular disease are to be awaited. Spier 
and his associates found a prolongation of the circuhtion time to 
the feet in Ilaj naud s sj ndromc and Kvaleand ■illtn” in thrombo- 
angiitis obliterans and arteriosclerosis obhtcnns 

Sigmffcance of Injection Methods for Determining the Circulation 
Tune —The injection methods for mvcstigatmg the circuhtion time 
determine the time that it takes the /asfesi portion of the blood 
stream to reacli tlic point of detection from the site of injection. 
It has therefore been objected that the circulation tune thus deter- 
mined yields no information as to the v clocity of blood flow 

It is true that the axial portion of a Quid column ma^ flow much more 
rapidl> tlian the peripheral portions (twice as fast according to 
von Kries” and Tigerstedt'*) However it was shown von 
Kries tliat the maximum velocity of flow is a function of Uie aver- 
age velocity of flow Moreover as pointed out bj Blumgart,* 
in the frequently branching circulation vviUi the inevitable lateral 
stresses exerted on the blood column at each brancbiug, the same 
quantum of blood cannot remain long in the axial stream Further 
evidence that the injection uittbods of (Ictcrimniiig Oie c/rcolation 
time actually measure the velocity of blood flow is supported by 
the observation that in the same individual tlierc is a relatively 
constant difference betw een the arni-to tongue and foot-to-tongue 
circulation tunes (Robb and Wcis>s,“ per?,onal observations) Addi- 
tional evidence that the circulation tune as muasurtd by the injc*c- 
tion methods affords an accurate index of the average velocity of 
blood flow is giv en in Blumgart s* monograph 

Relations of Cuculation Tune to Cardiac Output and Cuculatmg 
Blood Volume —The velocity with which the blood flows is inti- 
mately related to the cardiac output and the circulating blood 
volume, all three circulatory vanables arc intimately c-orrelatcxl 
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with 0110 another in the interests of tlic organism as a Viliolc. The 
(lu.mtItati\o nitora*lution3 bctwvca these three Miriables are, of 
tourse. \cry complex ajui itiilucnied by many otiicr factors. But 
they may be e\prcv>isl, in a gcnu-al aay, as follows: 

Ut V rtpn^ent the arrraje \clacity of blood flow through a 
c-ompicte circuit; T the corresiwiidin^ circulation time; M.V. the 
minute \oIuine of the heart (tanliac output); C.B.V. the circulating 
bhxxl xolume; and C.fe. tlie iiicniffr cross-section of thc\a.'>ciilar tree 
Then, 

M.V. = CJS. X V. 

SiiKf the tircuiutioii time is iucersely proportional to the \clocity 
of hlouii flow, this may he urlttcn: 


Inasmuch as the a\cfaKe ccov 4 -sc*ction of the \ascular tree is 
(letcrmiucHl by the filling, it U pro|>t>rtionnl to tlie circulating blowl 
\oImuc, ic., 

C.S. = k. C.B \’. 
and 


an equation equitalcnt to the otic long ago (!eri\cd VierorJt.” 

Other factors being ccpial (which, of course, is probably neser 
strlctl) true in the living organism with its muitituilinous compen- 
satory adjustments), the cardiac output is thus dirc-ctly proportional 
to the circulating hlooil volume and inversely proportional to the 
circvtlatioti tune. 'I’he circulating bloo<l v ulume and the circulation 
time are adjusted to one another in the interesti of maintcnanc'e 
of the cardiac ouljiut for which the metabolism of the moment 
calls This b beautifully illustrated in some cases of uncomplicated 
jiolj cy Uicuiia \ era. In thc’se cases, the cardiac outjmt is maintained 
at a normal level ilcspite tlic clcvatcxl circulating blood volume by 
means of a corrc’sponding incmisc in circulation time On tlie otlicr 
hand, in such conditions as fever, hjiKTthyniidisiii and exercise, in 
which a high canhac output is tailed for, tJie increase in circulating 
blood volume is accompanied by diminution m circulation time 


As show n abov e, Uio quoUenk of circulating bluod \ oluine and cumulation 
tune aUords a niuliit measuro of llie cardiac output, and lias been used for 
liw cUiucal cstitaaluin of tho latter by Wollhcim * Scckel“and, in a modified 
fonii, Baumann' WoUheun terms thu quotient the “circulation fiuo- 
tient ” Using tlie djo method of delenniiiiiig blood volume and tlie 
fluorcscm mcUiod for estimaUng ttio circulatiou time. Wolllieim found 
tliat m normals the circulation quotient vanes between 13 aud 19, with an 
average of IC 2 Uc deteruiuied that the circulation quotient la increased 
m exercise, fever and Graves’ disease, and decreased iii circulatory failure 
It 13 to be reiterated that, os yet, tlio dctennmation of tho circulation 
quotient docs not substitute for Uie nioasiireinent of the cardiac output 
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For this to be the case, the \ alue of the constant kn w*!!! ha\ e to be known 
In fact, It seems improbable that kn is more than a leiy rough “constant,” 
especially in different individuals Ne\ertheless, it would appear likely, 
although this also requires further study, that the determination of the 
circulation quotient affords a chmcally useful, rough parallel to the cardiac 
output WoUheim pomts out that the method has the advantage that it 
invoKes only injections of dyes, and not the gasometne detemimations 
required in the usual methods of estunatmg cardiac output, whicli require 
special facilities and training Aroreo\er, the applicability of gasometne 
determinations of cardiac output m patients with pulmonary engorgement 
13 often open to question 

The Circulation Time in Circulatory Failure.— ith the ffuoresem 
method, Koch'* showed that the ann-to-arm circulation tune is 
prolonged m cardiac insufficiency This was established on exten- 
sive material with the radium C method by Blumgart and Weiss 
who made mam important contributions m the field Of 100 
patients with clinically eMdeiit heart failure studied bj Tarr, 
Oppenheimer and Sager with the dechohn method, with which the 
upper limit of normal is sixteen seconds, all had a circulation time 
of more than seventeen seconds, m %, the circulation time was 
above twenty seconds, ranging up to /ort> -seven seconds 

In quite extensive experience, I have seen few cases with either 
symptoms or signs of iieart failure at rest in whom the circulation 
time by the saccharin method was not definitely prolonged How- 
ever, It IS not rare (o encounter nonual circulation tunc in mdiv iduals 
who are asymptomatic at rest but are dyspneic on exertion Con- 
ceivably, future studies will show that such persons fail to accelerate 
the circulation on exercise as much as normals During improve- 
ment, dyspnea edema and other manifestations of heart failure 
often lag behind the diminution m the circulation time The rela- 
tively fast circulation time m the failure of the thyrotoxic heart is 
discussed liter (page 574) The circulation may also be fast in heart 
failure due to anemia or vitamin B deficiency , as w ell as in the pres 
ence of fever 

Compensated Cardiac Strain —In the large majority of cases of 
%yeU-coinpeasJtcd valvular disease x>r jypertension the circulation 
time IS within normal limits (Koch Blumgart and Weiss, Tarr, 
Oppenheimer and Sager) The same is true m angina pectoris and 
m auncuhr fibrillation anti other arrhy thmias w itliout heart failure 
Occasionally , one encounters slight prolongation of the circulation 
tune m patients without flagrant symptoms of heart failure, but 
more careful examination usually reveals dyspnea on exertion and 
pulmonary engorgement m the roentgenogram In faultlesslv com- 
pensated valvmlar lesions, the circulation time may be abbreviatexl 
by exercise quite as in healtli 

Failure of the Left Side of the Heart —The arm-to-tongue circula- 
tion time IS prolonged m the vast majority of patients with isolated 
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fuiluri- of the left side of tiie heart In 31 such patients studied bj 
Ilitzi^j King 'ind tliennu.r®with tlicsaceliarm mctliod the circula 
tiuii tune n US prolonged m 30 In severe cases the circulation time 
innj LXcxnHl forlj fa\c seconds * e treble the normal Ihe pro* 
lougatum of the unu to-tonguc circulattun tune in left heart failure 
IS due almost cntircli to retardation of blood Hon through tic 
pulmonary circuit 1 or the time winch cl ipscs in the arterial 
pathway from the left \ciitriclc to the tongue can scarcely be pro 
louRctl enough to aiTcct the total circulation ttinc ai)pretiabl> 
And Uicrc is gixxl evidence that Wool flow from the antecubital 
\ till to the right lu art 13 not sigm/lcjiitli if at ill slimed fins 
IS )mnHxhutcl> indicated by (he iiuniial venous pressure ni these 
eases \iid with the radium C method lihimgart and ^^cl!>3 found 
that the anu to-Ucart tune 13 rclatuelj fast lurther UUtig King 
and tlic writer” found that the circulation tune from the antecubital 
vent to the urtcriai capilluries of the lung incosiirc'd with ctiicr 
{page oi) IS normal in some easels of left licart fiilurc which 
siwws that there is no slowing of How m the i>cnphtral veins 

3 he Unduig' of the lost lumt'd investigators that in some eases 
of left heart failure tnarkediv prolonged saccharin tune is ux’uni 
pained b> lurmul ether time (c y thirt) five seconds socchunii 
time SIX and a half secon Is tUicr lime in a patient with aortic md 
initr'ii vulvul ir disease) shows that m thc^sc patients the slowing of 
blood flow IS cun£nctl to the venous half of the jiulmoimiy circuit 
from the capillaries to tlie left side of Uie heart Such fin hugs arc 
uvualiv encountered at i rclalivelj carl> stage of failure of the 
left side of the heart Ihc surplus blood m the pulmonary etamt 
resulting from the failure of tJie left heart is then ateoiiiiuodatcd 
ciitirelv in tlie venous lialf of the circuit with rc-sultant increase m 
tl c cross sc'Ctioii of the stream bed the slow mg of How isaiimevit 
able eonsequtnee of the increase m cross section \\ itli wore 
markiil engorgement the artcnol half of tlie circuit is also implicated 
and tlie ether time is prolonged 

Ihcrc IS no strict parallchsiii between the prolongation of tie 
cireuhlion time and the inlcnsitv of the djspuw and other sjmp 
toms of failure of the left side of the heart 1 o a large extent sucli 
discnpaneics seem attributable to the absence of a constant relation 
sluj) lietwceii the pressure in the puhiionari circuit and tlie velocity 
of bU>04l flow through it 1 vidcncc ciUd m Chapter MI shows 
that h>pertension in the lesser circulation is an important factor 
III tlie pathogenesis of d>spnea m left heart failure When tlie right 
heart weakens the pressure m the pulmonarj circuit fills witli 
relief i f dv spnea and orthopnea But Uie arm to-tonguc circulation 
time IS furtlier prolonged bj the iddiUon of right sided failure to 
the pre-existent left Jieart failure fhe result is that in some such 
cases there IS grcatl> prolonged circulation tune witli relative^ bttlc 
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d} spnea I hav e repeatedly seen individuals, especially v, ith hj'per- 
tensive and arteriosclerotic heart disease, i\ho ^^ere able to get 
about the ^\ard despite a saccharin time of thirt>-fi\e seconds 

Contrariwise, there are also cases of isolated left lieart failure in 
which, despite severe orthopnea and other evidences of intense 
pulmonary engorgement, the arin-to-tongue circulation time is but 
little prolonged, e g , to about twenty seconds Very rarely, the 
saccharin tune in such individuals is within the limits of normal 
In these cases, the right ventricleissufficiently powerful tomamtam 
the \ elocity of blood flow through the pulmonary circuit despite the 
increased resistance due to the left heart failure, though onlj at 
the expense of verv high tension in tlie lesser circulation 

Failure of the Eaght Ventricle —Failure of the right v cntricle 
prolongs both the arm-to-toiigue (saccliann) and arm-to-Iung (ether) 
circulation times This is seen most often when the right heart giv es 
way subsequent to pre-existent left heart failure In such cases, 
very long’circulation time* are not rare e g, saccharin tune of 
over fifty seconds Isolated failure of the right ventricle is far less 
common, but I have made observ ations of prolonged circulation time 
m right ventricular insufficicncv secondary to emphysema and to 
fibroid phthisis 

Hypodiastohc Failure — The arm-to tongue circulation time may 
be greatly prolonged in the circulatory failure of mediastino-pen- 
carditis and pericardial effusion 

Peripheral Circulatory Failure — Tlie circulation time m shock has 
been little studied WoUheim** found but slight prolongation of 
the circulation time in the circulatory failure of the acute infections 
with decreased circulating blood volume, his cases evidently were 
suffering from what is termed peripheral circulatory failure m this 
book The writer has several tunes found normal arm to-tongue 
circulation tune in post-operative sliock These observ ations indicate 
that m at least some form of shock tlie impairment of the circula- 
tion IS due almost entirely to decrease in the circulating blood 
V oluine, and that the small quantity of blood m the v essels circulates 
at almost the usual speed The matter needs further investigation 

Septal Defects — iVn interesting aberration of the circulation tuue 
may occur m congenital defects of the interventricular septum 
with nght-to-left shunt In three such cases in children, JlcOuire 
and Goldman" observed with the cyanide method (yiage ol) 
tliat tlie arm-to-carotid sinus circulation tuue averaged four and 
two-tenth seconds, as contrasted with eleven and six-tentli seconds 
III the controls Similar observations have httn made by Dr W M 
Ilitzig Obviously , the rapid circulation time is due to the cyanide 
av oidmg the pulmonary cinniit by making a short circuit through 
the patent septum This can occur only when the septal defect is 
accompanied by nght-to-left ^unt Presumably, a sliortened 
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circulation tiino will also be obscnul when there is right to-left 
shunt 111 intcnuricular septal defects or patent ductus arteriosus 
In a patient ith an aequirctl (Lfcct due to infarction of the inter 
\cntrieuUr septum I found a slow circulation time, doubtless, there 
was no right to left shunt 

lletenll}, Dr I’uddu of Itoioc lias written me of an interesting 
observation on patients with riglittoieft shunt A few seconds 
after he had injettexl ether to iiieisurc the arm to-Iung circulation 
time, the patient felt a violent shock iii the head, tins was evidently 
<lue to the ether passing ehrectlj into the nttenal circulation awl 
rcichmg the brain in tonsalerable concentration 
Effect of DijitaUs on Circulation Tune —Bluiiigart* and Weiss 
found that while digitalis has no effect on tlie velocity of blood 
iluw in health digitalization diiniiiislits the circulation tunc in 
patients with heart failure I have eonfinneil the latter finding on 
repeated eietosions ui both isolated left heart failure (see Hitzig 
King and I idibti^ *) and in c'ombmcd left and right failure and m 
indiMilu ils with ngultr rh>thm as well os those with auricular 
hbnlhtion In one iiidtviduai with auricular fibnllatioii massive 
and sucx-essful digitalization mluccd the saccharin time from thirtj 
SIX tu fourUx;n se'coiids within tvvent> four hours 
Clinical Utility of Oetertzunation of the Cvculation Tune — Know I* 
(dge of the circulation tune is often of great aid to the clinician in 
the differential di igimsis of licart failure So simple a procedure 
us the determination of the circulation time is c'speciallv to bo rceom 
inemlexi to the general practitioner for it nxjuirts neither laboratorv 
faedities nor «iuipment other ihnii a svruigc and can be tarnetl 
out with Cist in the lioiiie of the piticiit 

i liexiaticallj It seems prob ible that even were the determination 
of curihac output •.mtahle for tliiiicil use on djspneic patients the 
ctreulatioii time would he a more delicate index of heart failure 
( onsider for example failure of the left side of the heart with 
pulmoaorv engorgement I'nder these circunistmces the volume 
of blood 111 the lungs is iiKreaM.'tl whitli means that the cross-sextion 
of the pulmonary \a>cul ir bed is iiicrenJ>ed In consequence of the 
greater eross-seetiun llie volume of blood traversing the pulmonary 
eircmt per mimite (Uie e mliac output) is not efimmished proper 
tionately as much as is the linear velocitj of pulmonarv blood flow 
I Indeed there is evidence that m exceptional instances the cardiac 
output 13 normal (page 42) And while I am not acquamtetl with 
eoinpantive measureiiieiits of eirculition tune and cardiac output 
It wouhl sexm tliat in at least jntwt suth mstaiieea with pulmowarv 
engorgement even though the caidiae output be normal the 
pulmonary circulation time is retarded Morexiver m severe car 
diac failure in hypertension, the ana to tongue circulation time 
inav be triple the normal despite the fact that the arterial pressure 
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IS maintained at a high le^ el It appears very improbable that in 
these patients the cardiac output is correspondingly diminished, 
t e , to one-third the normal These considerations mdicate 
strongly that heart failure affects the circulation time proportion- 
atclj more than the cardiac output 
On the other hand, in shock with diminished circulating blood 
N olume the reverse is probably true, t e , the cardiac output is 
affected proportionately more than the circulation time But 
more direct measurements are needed to prove this point 
The diagnostic significance of the determination of the circulation 
time is due to the fact that it is prolonged in the \ ast majority of 
patients with symptoms due to heart fadure It is of special value 
in the differential diagnosis of that vcrj common condition, isolated 
left heart failure, from the following 

1 Bronchial asthma Ihe circulation time is prolonged in 
cardiac asthma, normal in bronchial astlima It should be remem- 
bered, however that m elderly persons bronchial asthma and 
arteriosclerotic heart disease not uncommonly co-exist 

2 Dyspnea due to compression of the trachea or bronchi b> 
aneurysm or mediastinal tumor, m which the circulation time is 
normal E\en in patients with svphilitic aortic insufficiency, I have 
several times established bj finding normal circulation time that 
djspnea was due to pressure on the bronchi by the dilated aorta 
and not to heart failure 

d Djspnea and cjanosis due to eraphjsema or other intrapul- 
monary or pleural conditions In emphjsema without heart failure, 
the circulation time is normal (page 531) The same is true of 
pneumonia, while m unilateral complete pneumothorax the circula- 
tion time may be unusually fast, evidentlj because of the necessitj 
for maintamuig the minute volume of the right ventricle largely 
through one lung (observ ations by Hitzig, King and the w nter) 
Measurement of tlie circulation time is often also of aid m differ- 
entiating whetlier edema, enlargement of the liver or ascites are 
due to right heart failure or to primary renal or hepatic disease 
The shortened circulation time in septal defect with nght-to-left 
shunt (page 57) maj be of diagnostic value 
The circulation time raav also be of aid m following the progress 
of heart failure under treatment 

In ev aluating the circulation time, it is important to bear in mmd 
certain factors other than heart failure which affect it Aljxedema 
and poljcjtliemia are often accompanied bj retardation of blood 
flow On the other hand, tbjrotoxicosis and to a much less extent 
fever and anemia maj accelerate blood flow and thus tend to mask 
slight degrees of heart failure These matters will be discussed m 
the special sections 
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CHAPTER IV 


THE CIRCULATING BLOOD VOLUME 

CiLUsGES in the circulating blood volume occupy a significant 
place among the mechanisms participating in the adaptation of the 
circulation to the metabolic demand, both in health and disease 
Since ancient times, the conceptions of plethora and oligemia have 
been frequently invoked in the endea^ or to comprehend the nature 
of various diseases Ho^ve\e^, apart from such incidents as hemor- 
rhage and transfusion, the blo^ volume nas generally regarded 
as subject onlv to the rather slow changes resulting from the forma- 
tion or destruction of blood While this is largely true of the blood 
mass as a w hole, the pioneer in\ estigations of Barcroft* hav e rev ealed 
that the fraction of the total blood in the bodj vs Inch is in rapid cir- 
culation can change with remarkable rapidity, and that it is almost 
immediately adapted to \ arious ph> siological demands, such as those 
imposed bj exercise, emotion, pregnancy , low birometric pressure, 
and change in env ironraental temperature For example, a hot bath 
can increase the circuhting blood volume m man up to 1300 cc 
(Wollheim^^) It would appear that increase m cardiac output, 
whatever the cause is accompanied synergistic augmentation 
m circulating blood volume In disease also, as well as under the 
influence of various chemical agents tliere may be quick and poN 
tentious alterations in the circulating blood volume Only in 
recent y ears since the introduction of clinically applicable methods 
for measuring the circulating bloo<l volume has it been possible 
to study this miportant circulatory variable in disease, and tliough 
much has been le'irned, knowledge of the subject is as yet in its 
mcipiency 

THE CmCtJLATING BLOOD AKD THE BLOOD DEPOTS 

In an expedition to the tropics, Barcroft made the momentous 
observation that the blood volume as measured by the carbon 
monoxide method (page 68) increased m the warmer climate over 
what it had been in the temperate zone, and that with return to 
cooler regions the blood volume dropped to its previous level 
Experiments on man and various animals showed that such a rise 
in blood volume could be induced very rapidly by increase m 
environmental temperature, exercise or emotion These observa- 
tions made it clear to Barcroft that the body possesses depots of 
blood which can be mobilized mto the general circulation very 
rapidly by the appropriate stimulus 
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The total \olumc of Wooil m the bodj thus consists of two com 
ponenls 

1 The blooti %sh»ch is m npiU general circulation, the so-called 
circulating blood volume 

2 Ihe depot or reserve blood, situated III organs to vvhicli from 
tins pomt of view, Uic term bloul depot is applied In be a blood 
depot an organ must clearly contain iin{K>rtniit qiniititics of blood 
vvbicli ire unnecessary or at least tcmpornnlj uimcccssarj for its 
own metabolism and wliicli can be transfcrrcil to other organs m 
order to meet tlicir iictafs ’ (llarcroft Uenatt Grearson an 1 Nisi 
maru*) The enormous utilitv to the organism of liaving such 
reserve supplies of blooil available for cniirgenties— as when blood 
13 lost b} licmoirhagc or when cxtraonlinary quantities of blood are 
rc'quircd bv the muscles m exercise— is obvious 

ihree varieties of blood depots inav be ri'c-ognizcfl 

1 Bioal depots in the narrower sense m which hlooil is almost 
complelelj side-tiachcal from the circnlation cxcmplifieil b> the 
spleen 

2 Blood depots composctl of cvtcusivc capvllarj md venous net 
works as tu the sUn 

J Blood dc{>ota runctiomng b> means of a venous tlirottle 
mechanism us the liver 

The Slood Depots In the Narrower Sense— The Spleen —In the 
most restricted sense of the term a hloixi depot is an organ m which 
blood IS stored m diverticula; from tlic general stream bed so as 
to bo almost tompletcl) sidc-trackal these divcrticulte being emp- 
tied into the general circulation m response to the adequate stimulus 

Barcroft nn<l his pupils have diown ihit m the dog rat rahbit 
and other animals the spleen constitutes a blood depot of thisljpe 
Fhev demonstrated the almost complete side-tracking of hlood in 
the spleen from the general circnlation bv allowing the animals to 
mhale carbon nionoxulc When the animal was at rest there was 
a long lag betw cen the time w hen (he blond in the general circulation 
attained a certain concentration of carbon monoxi le hemoglobin 
and when this concentration was reached b\ tlic blood m the spleen 
In tlva ex^wnmewts o( IlanaW vwd Uwtkavv** on guinea pigs up to 
&LV hours elapsed before the hemoglobin of the blood m the splenic 
pulp had taken up as much carbon monoxide os the streaming blood 
On the other hand when guinea pigs were made to kick about such 
equilibrium w-as attained within two minutes showing that during 
exercise the blood m the spleen is no longer sidc-trackcai and partiei 
pates viv aciously m the general circulation In further expenments, 
Barcroft and Stephens gav e ft direct demonstration of the mobiliza 
tiQti of blood from the sjilcen of the dog by show mg that the organ 
contracts to one-half or one-third of its previous size during sev ere 
exercise The same occurred when the circulating blood v olume w as 
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depleted b> hemorrhage or when the environmental temperature 
was elevat^ Barcroft further demonstrated that the mobilization 
of blood from the spleen is regulated througli the central nervous 
sj stem 

The quantitative significance of the spleen as a blood depot 
probably varies m different species In dogs Barcroft and Stephens* 
estimate the amount of blood that can be mobilized from the spleen 
as forming one-fifth of the total v olume m circulation Cruickshank” 
and Barcroft and Poole’ found that the blood of the splenic pulp 
which is mobilized from the organ ma.v contain a considerably 
higher concentration of red corpuscles than the general circulation 
The contribution of the splenic blood to the oxvgen-carrjmg 
capacitj of the circulation is thus greater than that indicated by 
the decrease m size of the spleen when it contracts 
That the human spleen serves as a blood depot seems highly 
probable from the close morphological resemblance of its pulp to 
that of the amtnals m which mobilization of blood from the spleen 
has been cvpcrimentalb demonstrated The sire of the spleen m 
man indicates that its role as a depot is not quantitatively as notable 
as m some of the smaller mammals However the dimensions of 
the spleen during life are considerablv greater than the post mortem 
appearance of the organ suggests -Viid w hen the spleen is enlarged 
It can store very considerable quantities of blood following the 
injection of epmephnn I have seen diminution m the size of the 
enlarged spleen sufficient to indicate that at least a liter of blood 
had been mobilized into the circulation 
Some data for the quantitative evaluation of tlie depot function 
of the human spleen have been presented by Dresel and Beitner ” 
They found tliat the ingestion of large volumes of fluid is ordinarily 
followed by increase in both the circulating plasma and the circu 
latmg red cell volume the latter amounting to about 12 per cent 
It appeared that the increase in red cell voluint was due to mobiliza- 
tion from the spleen for in 7 individuals who had undergone splen- 
ectomy equal fluid ingestion resuUcxI in increase of only the cir- 
culating plasma v olume and not that of the red cells Unfortunately 
they actually determined only the circulating plasma volume and 
calculated from the hematoent reading the corpuscular volume, 
that this calculation is not unobjectionable will be seen on page ()8 
But the significance of even moderate increase m circulating blood 
volume, such as mav come from the human spleen is not to be 
underestmiated for as Barcroft pomts out experiments on the 
heart lung preparation indicate that the addition of comparativ ely 
small quantities of blood to the cumulation induces disproportion- 
ately great increments in cardiac output 
The capsule of the liuinan spleen contrajy to tliat of manv other 
mammals, contains v ery little smooth muscle Contraction of the 
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capsuk IS thcrcfort probablj not important in squeezing blood from 
the hminn spleen, as is doubtless tbc case in the dog and oUier 
species Vasomotor mcclianisras ct identic predominate m mobiliz- 
ing blood from tlic human organ 
Wlittlicr or not there arc other blood depots of the same tjpc 
as the spleen remains to be dcmonstratcil llic histological strut- 
tiire indicates that tins ma> be true of tJie bone marrow and of the 
hcinoljmpb nodes when the> ate present 
Blood Depots Composed of Capillary and Venous Networks— The 
5km — A w«md \iirw.ts of blood depots is cscmpUficd b> the skm 
Ihw was dtmonstrated bj Meek -md Cjster*^ Ihey found that 
a short time after transfusion into dogs Uie injcctwl blood bad 
been rcmotetl from the aetivc circulation Photomicrographs of 
the rapilhnes and \tnuks of tlic skm of the car showed tliat these 
vessels were acting as reservoirs Another observation djustratmg 
the storage of blood in the capillaries of the skin was mode bj 
Abtl, Gcihng and Kolls ‘ Thej found that following the injection 
of histamine or albumoses into the dug the skin capillaries were 
dilatcxl That tins blood was actually removed from the active 
circulation was shown b^ the siiuultancous deeroase m the size of 
botli sides of the iicarC 

1 he n'llc of the skm us a blood depot m man has been studied m 
detail b> Wolllituu” lie finds that the subpapiUarj capillarj 
and venous plexuses of the skm form a verj capacious hlood depot, 
c&ijecnlly when these vessels are dilated os is the c-v^e vn cjanotic 
skin Acconhng to Wollliciin'a observations with the capillary 
microscope the nte of blood flow m tlic sul)pa|>il!nr> capillarj net- 
work IS from live to tvvtntv limes slower than m the adjacent end 
capilhncs of tlic skin papillt He showed that widt-inng of the 
subpapillarj plexuses is accoinpanictl bj dnnmution in the circulat- 
ing blood volume the blowl rcmoveil from tbo active circulation 
evidcntlj being largely stoml in these plexuses Wollhcim found 
that the circulating blood volume as determined bv the dje method 
diinimshcs between 4t)0 and IStX) cc when the subject sits with the 
legs hanging down In his opinion the blood removed from the 
actn e circulation is stored in the siihpapillary plexuses ol the skin 
of the dependent lower extremities 
lurtlier evidcnte that ejanosed human skm serves as a blood 
depot Ins btni adducctl by Bircrofk Benatt Greeson and Nisi- 
maru * They flushed one hand by immersion m warm water and 
evanosed the other m cold water 'fhe subject then inhaled carbon 
monoxide Bircroft and his associates found that tlie rise m carbon 
monoxide content of the cyanosed hand was slower, the maximum 
concentration was lower and attained later, and the subsequent 
elimination of the gas was retarded in the cyanosed hand These 
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experiments show that at least some of the red corpuscles are retarded 
m their flow though c> anosed skin 

The subpapillary plexuses stem to 1^ primarili a depot for the 
corpuscles A number of obser\ers have found that in health the 
blood from the skm contains the same concentration of ery throcj tes 
as that from a lai^ \em On the other hand, the red cell count in 
the blood of the minute \essels of the skin is increased when these 
vessels are dilated and gorged witli blood Thus, Cannon, Fraser 
and Hooper’* found that tlie cutaneous blood of individuals in 
shock has a much higher red cell count than the general venous 
blood ^YQllhelm*^ also observed that blood obtained from ejan- 
o&ed skm contains between 800,000 and 1,000,000 more erjthrocjtes 
per cubic millimeter than does the ciit.ulatmg blood It is true 
that tins concentration of red cells m the dilated subpipillary 
plexuses maj be purely a secondary phenomenon attributable to 
increased transudation from the dilated capillaries Nevertheless, 
the result is storage of predoinmantl> cellular elements in the minute 
vessels of the skm, a fact which is of great importance m the inter- 
pretation of blood volume determinations (page 69) 

It IS to be emphasized that the subpapillar. capillary and v enous 
plexuses constitute blood depots in only a irlalire sense There is 
no almost complete side-tracking of blood from the circulation as 
in the pulp of the spleen But because of the large capacitj and net- 
work-like arrangement of the capillaries and venules of the skin, 
the flow IS vcr> slow when these vessels are dilated Tor this 
reason, the> maj hold a large volume of blood and discharge 
extremely little of it per minute into the general circulation The 
consequence is that the contribution of the blood m these vessels 
to the venous return to the heart, and therefore to the cardiac 
output, IS verj small On the other hand, when anv stimulus con- 
tracts the vessels of the subpapillaiy vessels, a large amount of 
blood IS returned to the heart and the cardiac output is correspond- 
ingl> increased 

The studies of Janseb and Ludwig** indicate that the capacious 
capilf'uy networks of the uifeslnial nctfl /unction as a blood depot 
in a manner analogous to the cutaneous subpapilJarv plexuses 

Blood Depots Fimctiomng by Virtue of Venous Throttle Mechan- 
isms— The Liver.— A third tjpe of blood depot is that regulated 
by a venous throttle mechamsm, t c, in which the efferent veins 
are especially adapteil to powerful constriction which imprisons 
blood in the organ, and releases it into the general circulation when 
the constriction is relaxed 

Ihe most important depot of this variety is the liver Krogh*® 
long ago pointed out that the liver, by virtue of its abilitv to hold 
large quantities of blood, is a most important regulator of the venous 
return to the right heart and therefore of the cardiac output The 
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small portal tnlmtancs serv.e as a pnniar> resistance and the 
hepatic \ cins as a sccondnrj resistance b} the coordinated adpist 
ment of these t\\o resistances the amount of blood m the liver can 
be varied within wide limits 

Subsequent studies I amson ami Roca ** and m great detail 
bj Alautncr and Pick*’ showed that a most important regulator 
of the blooil content of tlie liver at least in certain species is the 
tone of the liir^c hepatic veins Maulner anti Pick found tiiat the 
injection of Instainine or peptone into the dog is followed by con 
striction of tlie htpntit veins with ihiiiming back of Urge volumes 
of bloo<l into the liver Their conception is that at least a large 
part of tlie reduction in circulating blooil volume in the shock pro- 
duced l)j these substances is a result of the storage of blood in the 
liver Afautiicr an<l Pick believe that in consequence of the m 
creased tension in the hepatic capillaries due to tlie venous block 
transudation of lar^c volume of plasma into the liver takes place 
thcreijj accounting nt least m part for the concentration of the 
corpuscular elements of the blood in these forms of shock Ibe 
constriction of tlie hepatic veins of the dog in peptone shock with 
resultant filling of the liver wiUi blood has been confirmed by 
Simonds and Prandcs ’’ Paticr Dale* and their co workers have 
shown that the action of cpincplinn on (lie hepatic veins of the dog 
is diametncallj opposed to that of Jiistamine thc> find that epi 
nrphrin relaxes the hepatic veins with resultant discharge of blood 
from the liver into the general circulation Uthough the existence 
of a throttle mechanism m the hepatic veins of the dog has been 
disputed bj Schretzenniav r ** it seems to liave been dcfimtelj 
established bv the above-meiitioncil experiments Moreover 
Sinionds and Are>” have found that tJic hepatic veins of the dog 
contains an exceptionallj large amount of smooth muscle which 
doubtless is correlated with their sphincteric action Popper” 
showed that m the dog constriction of the hepatic veins inaj result 
m complete closure of the lumen 

In the functioning of the hepatic blood depot the throttle action 
of the hepatic v eins is integrated with sj nergistic changes m the 
small vessels of the liver Thus there is evidence that the con 
striction of the Ivepatic veins by histamine is accompanied by 
dilatation of the minute vessels m the Uver and the relaxation of 
the hepatic veins bj epmephnn is coordinated with constnction of 
the small intrahepatic radicals In the case of histamine both 
mechanisms act to retain blood in the liver and thus dimmish the 
venous return to the heart while with epmephnn the reactions of 
both the hepatic v ems and the small v ess^ cooperate to driv e blood 
Out of the liver and increase the venous return to the heart 

In man the hepatic veins contain onb a small amount of smooth 
muscle far less than in the dog (Popper”) This would indicate 
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that the throttle mechanism, is much less significant in man than m 
the dog, and that the human liver functions as a depot more through 
alterations in the caliber of tlie small vessels as described by Krogh 
(page 65) than through the venous tlirottle mechanism That the 
liver serves as a blood depot through increase in the capacity of 
its vessels, and not by side-tracking the blood into diverticulae from 
the mam current as does the spleen, is indicated bj the work of 
Barcroft, Nisimaru and Ilaj • Thej find that following tlie inhal- 
ation of carbon monoxide, there is no delaj m the taking up of the 
gas bj the blood in the Iiv er, as is the case m the spleen (page 62) 
The hepatic blood depot is vcrj significant for the circulation as 
a whole because of its great capacitj This has been studied by 
Grab, Janssen and Rcm“ with the Thermostromuhr The> find 
that m the dog from 50 to 75 per cent of the blood flow m the 
inferior vena cava comes from the liver Thej estimate the amount 
of blood stored m the liver depot by emptjmg it with an mjection 
of epinephrin This method indicates that the volume of blood 
stor^ in the liv cr is from 26 to 59 per cent of the w eight of the organ 
after the action of cpmephnn, which is more than the quantitj of 
blood deposited m the spleen 

In addition to its function as a depot for erv throcj tes w hich are 
held within the capillaries, it seems bkel) tliot the liver can also 
store plasma withm the hepatic cells thus acting as what Ludwig** 
calls a “plisraa depot" Ludwig has advanced experimental evi- 
dence that the liver cells in the dog can store large quantities of 
blood plasma, for example during shock Performing angiostomj 
on the portal and hepatic veins lie found that the liver cells can 
remove fluid from the blood circulating through the organ and 
under appropriate conditions return it again to the circulating 
medium 

METHODS FOR DETERMINING THE CIRCULATING BLOOD 
VOLUME AND NORMAL VALUES 

The technic of estimating the circulating blood volume will not 
be described here, an excellent discussion is given b> Peters and 
Van Sljke** It raaj be mentioned however, that two metliods 
ire in general use for the determination of the circulating blood 
volume 

1 The determination of the circulating plasma volume bj the 
injection of a d>e {Keith, Rowntree and Geraght>*») A known 
amount of a colloidal d>e (vital red, Congo red Evans blue, etc) 
is injected mtravenousl) ^Uter the lapse of sufficient time for 
thorough admixture, the concentration of the dje m a blood speci- 
men 13 determined An accurate technic for clinical use has been 
de\ eloped bv Gibson and Evans'* who inject Evans blue and deter- 
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mine tlic concentration of the d>c %ith the spectrophotometer 
Since the dj c js suspended in the plasma the circulating plasma 
\oluiiic cm be calculated from this concentration and the amount 
injected llic circulating blood volume is calculated from the 
circulating plasma volume and the hematoent reading Broun 
and Kountree^* find witli the d>c method tint the circulating 
blood volume of normal persons is between 70 and 100 cc pet 
kilogram of boilj weight m 98 per cent and the circulating plasma 
volume between -lO and 00 cc per kilogram m DO per cent, of the 
subjects tested Brown and Keith** have shown that the circulating 
blood volume is relatively low in comparison witli the weight m 
the obese and rclativ cly high in the ihm liiey arc of the opinion 
tliat tlie blood volume is more intimately correlated with the body 
surface than with the weight WiUi vital red Brown and Keith 
find the normal circulatingplisnia volume between 1400 and 2o00 cc 
and the circulating blood volume between 2500 and 4000 cc per 
square meter Ixxlv surfate Brown and Bowntree state that 
simultaneous determinations of the circulating blood volume by 
the dye method with blood from both arms do not differ by more 
than 2 per cent while U'ollhcim** estunates the error of the method 
as about 5 per cent 

2 The determination of the circulating crythrocyk volume by the 
inhalation of carbon monoxide (Haldane and Smith *) Since car 
bon monoxide combines with hemoglobin knowledge ol tbeconcen 
tration of carbon monoxide in a specimen of blood and of the amount 
of the gas absorbed enables the calculation of the cuxiulatmg 
erythrocyte volume From the hematoent reading tlve circulating 
blood V olume 13 calculated In healtliy voung adults Chang and 
Harrop** find with the carbon raonoxidc method that the circulating 
blood volume la between 63 and 76 cc jwr kilogram of body weight 
other investigators give similar figures The carbon monoxide 
metliod thus yields lowcrvalucs for the circulating blood volume m 
/jmltfitlnn does the dye method In circulatorv failure the reverse 
may be true Vniong the reasons for these differences are the 
following 

both methods the cafcaiiffoa of the circulating blood 
volume from the hematoent reading m the blood of the antecubital 
V cm inv olv cs the assumption that the ratio of er\ Uirocv tes to plasma 
IS the same throughout the circulating blood Whether this assump 
tion 13 justifiable is questionable especially in circuhtorv failure 
It is true that Hitzenberger and Tuchfeld** found that in individuals 
with various pathological conditions the cell plasma ratio was the 
same m blood from a large artery a large vein and the skin of the 
finger tip and lobe of the ear Thev also found the same true of 
blood from various visceral vessels in the dog But they did not 
study the visceral vessels in arculatoiy failure in man On the 
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other hand, Smith, Arnold and AVhipple*® belie\e there is sufficient 
evidence to indicate an excess of plasma over red cells in arterioles 
and capillaries In fact, Itlidsuno (quoted bj Ewig) found that 
normally many capillaries contain onlj plasma Since the carbon 
monoxide method measures the red cell \ olume and the d j e method 
the plasma volume, it is easy to see on this basis nh}, with hemato- 
crit readings in blood from a large vein, the calculated circulating 
blood volume by the former is the smaller Smith, Arnold and 
^VhIpplc therefore believe that in order to obtain accurate blood 
volume determinations, it is necessary to determine the red cell 
volume by the carbon monoxide method, the plasma volume with 
the d>e metliod, and add the two (with the addition of about 0 2 cc 
per 100 grams of body weight for the leukocjtes) Tor clini- 
cal purposes, however, the d>e method suffices Because of the 
relative ease with winch it is carried out, the dje method is used 
almost exclusively m hospitals m this countrj the carbon monoxide 
method being applied onl> m investigations 

Ewig^* has found that in heart failure, contrarj to health, the 
carbon monoxide method gives a higher blood volume reading than 
docs the dye method He explains this on the basis of Aschoff s 
finding that m passively congested organs man) capillaries are 
packed tight nith erythrocyte* with but little surrounding plasma 

It will be noted that the above discussion is confined entirelv 
to the circulating blood volume As >et, no method is available 
for determining in man the total blood volume— the circulating 
blood plus the depot blood— aitliough Bauinann^^ made an attempt 
in tins direction Some conception of how considerable is the 
volume of the depot blood iua> be derived from the observations 
of Ewig and Hinsberg Tiiej found that b> such means as exer- 
cise or an electric light bath of one liours duration the\ were able 
to increase the circulating blood volume as much as 15 7 per cent 
Ihis figure represents blood mobilized from tlie depots and it is 
highly improbable that all tlie blood stored m the depots has been 
brought into the circulation by the means emploj ed In the resting 
dog, Barcroft* estmiates tliat about 46 per cent of the total blood 
volume 13 stored m the depots, and tlie percentage m man raaj well 
approach tins 

THE BLOOD VOLUME IN CIRCULATORY FAILURE 

Various influences come to bear upon the blood volume m the 
differuit types of circulatory failure Botli the plasma and the 
cell V olume may be affected, together or independently In an indi- 
vidual cast, tlie net result is doubtless a summation of several 
factors xVmong the mechamsms tlirough which circulatory failure 
affects the blood volume are the following 
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1 Heart failure i3 almost in\ariab!> accompanied bv dilatation 
of one or more of tin. cardiac diambcrs Often this dilatation 
amounts to 500 cc or more indeed there are coses of mitral stenosis 
m Mliich tlie )dt auricle alone holds a liter 'lliis increase in the 
blood content of the tanlrnc tliimbtrs entails— m order that the 
rest of tlic vascular bed be adcquatelv filled—corrcsponding aug 
incntatiQii in total circulating blood volume 

2 llie Segment of the circulatiuti upstream to a failing chamber— 
the pulmouarv circuit m left heart failure and tjic svsteinic veins 
in right heart failure— is the seat of passive engorgement Hon 
large o volume of blooil maj be tonteriicd m such engorgement is 
illustrated b} the finding of Ilainilte ii** and Ins assoentes tliat the 
nonnal mtrathoracic blood content of about 2 liters inaj be increased 
to 4 liters m patients with beatt failure Engorgement of one 
portion of the circulation must obviously be. atcompamed b> cor 
responding uiereist m total circulating lilood volume if the remain 
dcr of the vascular bcvl is not to be depleted 

3 The evampic of the poljcvthemni of high altitude shows that 
ovvgcn want stimulutcs the formation of r^ cells It is to be 
presumed that this incchamsm operates to increase the circulating 
red e'en volume m heart disease with arterial anoxemm In some 
eases of toiigciiilal evanosis the eireulatmg real eel! volume is pro 
digtuus 

4 The formation of edema (ends to ilecrcasc the plasma volume 
the resorption of edema the reverse l^etcrs Bulger Lisenmann 
and Ivee“ find tl at protracted occlusion of the venous return from 
tlie arm iiiai cause Jb per cent concentration of Uie plasma as a 
result of loss of lUml to the tissues 

5 The oliguria of eiixulatory failure insofar as it is of renal 
origin tends to increase the plasma volume while the opposite is 
true of polvuna during improvement 

0 The decrease m colloid osuiotic pressure of the plasma so 
romnioii m heart failure (page 197) as well as the various changes 
m the crj stalloids of the blood influence the fluid exchange betw etn 
blood and tissues This factor doubtless affects not onl> the 
volume of the plasma but also the size and therefore the total 
volume of tlie erjthrocstes although the latter change maj be 
small 

7 It remains to be dtterrouied whetlicr circulatorj failure 
deranges the incchamsm regulating the mobilization of bloo 1 from 
the depots into the cireulatJBg blood and cice versa Wollheim" 
and Lwig and Hinsberg^* observed that while m health such pro 
caluies as exercise and cl^ttic light baths increase the circulating 
blood V olume tlirougli mobilization from the depots m heart failure 
these measures are not followed b> such an eflect Possibh this 
phenomenon is due to previous emptjiig of the blood depots into 
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the general circulation as a result of the heart failure through the 
first three mechanisms mentioned above 

8 In peripheral circulatory failure (shock) various mechanisms 
operate to diminish either the circulating plasma or whole blood 
volume they are discussed in Chapter \\\I 

9 Therapeutic measures may influence the circulating blood 
volume Thus Wollheim** found that injection of 2 cc of digi 
puratum decreases the circulatiug blood volume between dOO and 
IGOO cc Mies*® and hwig and Hinsberg** also observed that 
injection of strophanthm decreases the circulating blood volume 
tile effect lasting from twenty four to thirtj slv hours Mollheim 
found lliat cafFein increases and morphine decreases the circulating 
blood volume though not constantl> In lus experiments subcu 
taneous injection of 1 mg of histamine decreas^ the circulating 
blood volume between 300 and 1400 cc in four to twentv minutes 
Epmephrin increases the circulating blood volume Ihesc altera 
tions m circulating blood volume occur so rapidlj that thev must 
be due to displacements of blood between the depots and the active 
circulation This is sometimes easily seen when epmephrin is 
injected into a patient with splenoinegalj the spleen mav quicklj 
diuimtsh ill size In the rabbit Mics** found tliat t) e decrease in 
circulating blood volume produced b> strophanthm is iccump'imcd 
bj i rise in the weight of the liver and spleen 

lluid or salt restriction or ingestion maj affect the circulating 
blood volume 

As a result of the interaction of these different factors the blood 
Volume in circulatory failure may deviate considerablv from the 
normal and in either direction The most important determinant 
of the circulating blood volume seems to be the tvpe of circuJatorv 
failure prc*»ent vvhctlier cardiac or peripheral In the peripheral 
circulatory failure of shock as will be discussed in detail in Chapter 
\\\I the circulating blood volume is decreased In heart failure 
on the other hand reexnt investigations have shown that the char 
acteristic and most cominou change is increase m circulating blood 
volume 

The Circulating Blood Volume m Heart Failure —It has long 
been know n that at the nocropsv of an indiv idual w ho has succumbed 
to protracted heart failure one generally finds an unusualK large 
amount of blood m the different viscera and m the heart and great 
vcsacls This general impres&ion of increased volume of blood in 
the cadavers of cardiac patients has been confirmed by the syste- 
matic observations of kschoff * who found much more blood in the 
heart atnl %e6:>tls of such bodies than m coses in winch the heart 
had not been msufiicient 

Some of the earh m\ cstigators using the dy e method of deter 
mining the circulating blo^ volume obtained normal values in 
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heart failure (Keitli Rowntree anti Gcraglity Dock”) However 
I’lesch** showed subscqucntl> witii tlie carbon monoxide method 
that the circulating hlowl volume is tenerallj elevated m cardiac 
failure and falls as the heart improves Using the dve meth^ 
Howntrec and Drov\n« found the circulating blood volume high in 
cardiac tdtnia witli proportionate increase m cells and plasma In 
very extensive investigations with the d>e procedure Wollheim” 
found tlic blood volume elevated in most instances of circulatory 
failure but low m others, his observations arc discussed further 
below Wollhcim*^ showed tliat in the same patient the circulating 
blood volume maj he from (jOO to 2S00 cc greater when dtcom 
pensated tlian when comptnsatcil the difference gtnerallj being 
between 1000 and 1000 ct Wiilt 100 of \\oIlheim s compensated 
patients bail an average emulating blootl volume of 70 cc per kilo- 
gram of body weight 100 dt comjiciisattd individuals liad despite 
the edema an average of 84 cc lleihncjer and Riemtnschneider** 
observed an average ctrciilutmg blood volume (dve method) of 
Sopereentof bod) weight in de-com|)ensatcd licart disease as con 
trasted with 7 7 per cent in normal controls Ilit^enberger and 
luchfchl*’ (earlnm monoxule method) found mcrcaswl circulating 
blood volume ui decompensated valvular disease and emphjseiiia 
but not m hypertension and coronary sclerosis Uitli the carbon 
monoxide method as well us with a combineoJ dve and carbon mon 
oxide procedure winch constitutes the most reliable method (page 
1 j 7) 1 wig and Hinsberg‘* found increased cireoilating blood volume 
m all varieties of heart failure They also obscrveal dimuiution in 
circulating blood volume with the restoration of compensation 
especially when this was accompUshed with the aid of digitalis 
Uhleiihruck and \ogcls** obscrveil diminished circulating blood 
volume (dye method) in cases of heart failure atcompaiiied by 
marked edema In other iiistaiiees of heart {ailure— both right 
and left swlevl— they noted elevated circulating blood volume 
\Vliat is probably the most accurate available data on the blood 
volume 111 heart failure has been obtained by Gibson and Lvans ” 
Their findings show clearly tliat development of chronic heart 
failure is accompanied by progressive increase in tlie volume of 
plasma and red cells The augiiieiiUtion of plasma volume is 
proportionately a little less than that of the corpuscles Gibson and 
Evans find that the blood volume mounts roughly m proportion to 
the elevation of venous pressure and the slowing of circulation 
tune In severely decompensated patients thev find tliat tlie cir 
culating blood v olume averages more than 50 per cent above norma! 
Witlv restoration of compensation the blood volume declines 
Sunimari/mg these finduigs it has been demonstrated as stated 
above that heart failure m charadensttcaUj accompanied by increase 
in circulaiing blood lolume Thelattensdue largely to the increment 
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m the %olume of blood contained m the dilated heart and in the 
engorged parts of the circulation upstream to the failing chamber or 
chambers Other factors mentioned above ma> al^o be toneeriied 
Honever, it appears that in some cases the teiideiic> to nitrease ni 
circulating blood \ olume as a result of heart failure is counteractedjby 
loss of plasma water in the formation of massiv e edema, or b> compli- 
cation w ith the peripheral circulatory failure of shock It should be 
remembered (page 60) that m heart failure the d>e method inaj 
reveal too low a circulating blood volume because of the presence in 
passivelj engorged organs of capillaries packed tight with red cells 
and containing little plasma On a number of occasions, necropsv on 
individuals succumbing to heart failure Ins rev ealed such large quan- 
tities of blood in tlie lungs, heart, liver, and splanchnic area tint the 
moderate increase* in circulating blood volume determined during life 
b\ the dje method has seemed to me a decided underestimate 

Briefly, It ma> be said that chrome heart failure is eharactenred 
bj an increased blood volume and most forms of peripheral circu- 
latorv failure by decreased blood volume But there is this differ- 
ence In tho former instance the uitreased blood volume is a 
consequence of the lieart failure, while iii the latter case the decreased 
volume IS the cause of the circulatorv failure 

CIRCtlLATINO BLOOD VOLUME IN COMPENSATED HEAET 
DISEASE 

In compensated cardiac lesions, Wollheim finds the circulating 
blood volume below norma) On the other liand the studies of 
Bwig and Hmsberg** indicate no constant change the} find normal, 
high and low circulating blood volume in compensated cardiac strain 
Gibson and Evans find the blood volume of the compensited cardiac 
to varj little from the normal But whatever the absolute value of 
the circulating blood volume, the investigations quoted above show 
that as tlie insufficient heart compensates, the circulating blood 
volume dc'creases Ihis seems to be espe*ciall\ true when digitalis 
has been administered 

WoUheim’s Plus and Mmus Decompensation.— In a detailed senes of 
mvestigatioiis, Wollheun*’ has di/fereiitiated two vaneticj of circulator} 
decompensation on the basis of the circulatmg blood volume, namely plus 
ikcampensahoti, in uliicli the circulating blow volume is above nonual, 
and minus dccompensalwn, lu which it is subnormal Plus decompensation 
is mucli more common tlian the otiicr fn plus dccomiicnsation, tiic cir- 
culating blood volume falls vviUi re-toration of compensation, while in 
minus dccompcmation it rises as Uio inticnt improves BoUi vancties 
occur m the same basic conditions, such as valvular disease, h>pertension 
and cmph}scma But tlie cause of Uie break in compensation is different 
Wolllieim finds that plus dccompensatum moat often results from over- 
exertion or tlic onact of auncular fibrillation, witile mmus decomucnsatiou 
IS gencraH}, though not ahvas-s, due to infection He also pves diagnostic 
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criteria for clinical diflcrcntiation of the two types of decompensation 
In plus dccomiscnsaUon, Wollhcua states that dyspnea is less when sitting 
up witJi hanging legs, cjanusia a slight anti only acrocyanosis, Uie patient 
13 wakeful, and the ccmcal > ana are well filled In minus decompensation, 
on the contrary, dysjinca la Itas vvlicn reclining, though there may be 
orthopnea, cyanoMa la widespread over tlie surface of the body, the patient 
13 tired and often sonuiolcnt, and the cervical veins are but poorly filled 

WoUhciiii attributts minus decompcosjUoii to toxic destruction of protem 
in fo\er wiUi resiultant liberation of histamtue-bkc substantyis whicii cause 
relaxation of the capiUanea in llie depots and consequent withdrawal of 
blood from the rapid circulation into the dejxita The venous return to the 
heart is thus rcduu.d and with it Uie cardiac output, the heart muscle, hke 
other tissues, suffers from uiadcquate blood supply IVolUiemi believes 
tliat plus dccomixnsalion is abo precipitated by disturbance in the function 
of the blood detvots But hero the trouble is that the blood depots dis- 
charge so much ulood into ttic active circulation that the damaged heart is 
uiubic to master it Tiio cau.se of tins disturbed function of the blood 
depots IS not clear 

WoUUcuu's invcsUgations aro very inlcrestuig and he has adduced much 
imiwrlant dsln on Uio blood volume m circubton' failure How-ev cr, most 
other investigators (e g, notuberg'* Ewjg and Hinsberc," Uhlenbruck 
and Vogels'*) do not agree with hu interpretation of Die findings It «cems 
highly probable, as stated above, tliat increase m circulating blood volmiio 
inuicvtcs that circulatory failuro is duo to carduic insufficiency, while a low 
circulating blood volume occurs cliaraclcnslically in circulatory failure of 
penpherai origin Wolllicun's cases of protracted minus decompcosalion 
would bccnv to be mstaiicca of protracted peripheral circulatory failure— a 
state Uiat can bo present for weeks— although ho does not admit the 
identity It IS to bo borne in mind that iienjiheral circulatory failuro with 
resultant shock may appear in patients with cardiac disease, notably as a 
K»ult of infection Tins, however, is to be differentiated sharply from 
progress of the cardiac insufficiency The careful studies of Gibson and 
Evans’^" never revealed an mcreasc in blood volume during recovery from 
true cardiac failure, thoy regard "minus decompensation" as a miscon- 
ception due to teclnucsl inadequacies 
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Tin: AiiTi:niAL pR^ssl)Rl: and pulsi:, altfunation 
or Tin: pui>sn 

It njifilit be antuipatal that tirculaton failure, so often accom- 
panied hi diimmitioii m eanJiac output, would be mvanabl; 
inaiufeated bj fall in arUml pressure ^Mllle more or less depres- 
sion of tbe artirml tension js frcqiienth occasioned by circulatory 
iiisufliciciicy , tins is by no means always the case, especially when 
tbc latter is due tu cardiac %\iakness In many instances of heart 
failure, there is lomparatnch little change m cither the systolic 
or the diastolic pressure It >s tonmionplacc to observe patients 
wlio suffer from sucli mainfutations of heart failure as dyspnea, 
cyanosis, cdtinu, and swclimg of the liver, despite the fact that the 
arterial pressure is iiiamtaincd at its prev lous lev el Indcc'd, there 
arc nistanc'cs in wlneJi heart failure is atcoinpanicd by rise m blood 
pressure, which again falls us the heart improves And m arterial 
livpirteiision the blood pressure reinums elevati'd despite tlie 
supervention of severe heart failure 

On tile other liatiJ. the arterial pressure is almost aln ay s depressed 
in circulatory failure of penphcrul origin (shock), often to an extreme 
degree But even in the case* of pcriplicral circulatory failure, 
there are eircunistances ui winch the arterial pressure is nuintained 
or elevatc*d fur a eonsiderable time (pnge b21) 

REGULATION OP THE ARTERIAL PRESSURE IN HEART 
FAILURE 

The fact tliat the arterial pressure is so often maintained m heart 
failure is really not surprising Of course, m those instances m 
which the failing heart holds up its output per minute by tacliy- 
cardia and oUiec compensatory mcclianisms, one would not expect 
a drop in arterial pressure And even when there is a considerable 
drop in the minute volume of tlie heart, as long as tlie vasomotor 
regulations function efficiently, the blood pressure can generally be 
maintained at its previous level This is readily understood from 
the follow mg consideration of thekws governing the flow of fluids m 
narrow tubes, prev lously discussed m anotlier, related connection 
These laws, first studied by Poisseuille and nameil after him, are 
embodied m tlie formula, 

-p $nLQ 
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where, 

P IS the pressure 

11, the coefficient of viscositj 

L, the length of the tube 

Q the volume of flow per unit of tune (minute volume) 

R, the radius of the tube 

Prom this equation, it is seen that while the pressure vanes with 
the first power of the viscosi^ and the minute volume, it varies 
inversely with the fourth power of the radius of the tube In other 
words, doubling the output of the heart or the viscosity of the bloo<l 
vv ill only double the blooii pressure, but halv ing the radius of the small 
vessel will increase the pressure sLxteen times While the laws of 
Poisseuille do not holdex'ietl> for the branching circulation, it seems 
clear from the studies of ncs 3 ,‘*Tigerstedt.*’ and others that they 
furnish v aluable approximationsvvhich arcat leastof the correctorder 
These results indicated that the blood pressure is more readily 
influenced bj changes in the caliber of the arterioles than by varia- 
tions m the output of the heart or m the viscositv of the blood 
As Tigerstedt puts it, The blood pressure, though dependent m 
equal degree on the resistance and the minute volume is controlled 
above all bv the momentarv degree of contraction of the vessels 
If the vessels arc strongly dilated the heart cannot contain and 
expel a volume of blood sufficienllj great to maintain the blood 
pressure at a high level On the other hand one ma> saj that there 
IS no limit to the increase in resistance, for bv sufficientlj strong 
stimulation of the vasomotor nerves the lumen maj be obliterated, 
and at a great resistance a small volume of blood suffices to keep 
the blood pressure at a high level 
It is thus clear that bj a comparativclv small degree of peripheral 
vasoconstriction the arterial pressure will be maintained even though 
cardiac weakness results in considerable decrease in the minute 
volume of the heart There is cverj reason to believe that such 
regulator^ vasoconstriction is actually the most important means 
of keeping up tlie arterial pressure despite a failing heart This 
V asoconsfricfiou nia> well be adiantageows from another point of 
V lew Tor w ith progressiv e diminution in the output of the heart 
there is increasing danger of inadequate blood supplj to such vital 
organs as the heart and the brain A higher degree of vasocon- 
striction in the splanchnic area the skin, and the muscles would 
not onlv serve to maintain the blood pressure, but would result in 
a larger fraction of the minute volume being distributed to the brain 
and the heart Sucli conception is m good accoitl w ith the frequent 
observation of cold extremities m, for example, patients with tight 
mitral stenosis who are well enough to be up and about, have no 
evidences of deficient blood supply to the brain, and m whom, if 
middle aged or elder)}, the pressure is not uncommonl} ele- 
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vatcd It IS to be presumed that tins \asocoiistrict ion is a raanifesta 
tion of the complex regulator nicclianism which in healtli as well 
as in disease, functions to pre\ent untoward fluctuations of blood 
pressure So far as I know, the details of bow tins mechanism func 
tions in heart failure have not been iincstif,atcd, conceivably a 
drop m arterial pressure due to diininjshcil cardiac output refletly 
stimulates the vasomotor center througli the carotid sinus and 
aortic nerves witli resultant vasoconstriction and restoration of the 
prev ions blood pressure But tins is nicrtij a liypotliesis 

Accessory Factors Affecting the Arterial Pressure in Heart 
Failure —In the foregoing it Im been seen that tlic two primarj 
factors influencing the blood pressure in heart failure are decrease 
m cardiac output which tends to lower it and pcrtplieral vasoton* 
stnctioii which tends to elevate the arterial tension 

In addition to these, a number of other factors maj come into 
phy in individual instances 

Abhrevlatioa of Diastole — llie tachycardia tint is so often present 
in cirtulatorv failure shortens diastole Vs a result there is less 
time for the blood to flow out of the arteries before the next systole 
and the dmstolic pressure docs not hi) as low is it woiihl with a 
‘slower heart rate This may well l>c a factor of some significance 
m the production of the rchtiicly high diastolic pressure (and con 
«cqucntlv small pulse pressure) that is sometimes present in heart 
failure fhe converse of the phenomenon is seen in heart block m 
which the long diastole results m preternatural emptying of the 
arteries and coiiseeiucnt low diastolic prcs‘iure 

Changes m the ComposlUoa of the Blood —It has been suggested 
that clianges in the chemical coiiipositum of the hloo 1 resulting 
from heart failure stimulate the vasomotor centers with consequent 
V asoconstriction and tendenev to elev ation m blood pressure The 
changes considered have been decreased oxygen content anil accu 
mulation of carbon dioxide acidosis due to increase in lactic and 
other fixed acids also comes into question Tliat tliese changes in 
the blood gases stimulate the vasomotor center is generally accepted 
(see however page 79) But it will be seen m Chapter YH that 
^ere is neilficr artenaf anoxemia nor carbon dioxide retention 
m the large majority of instances of heart failure, only when pul 
moiiary changes become very pronounced do these changes in the 
blood gases appear Fv idcutlv then the pressor effects of anoxemia 
or carbon dioxide retention come into question onlv m the cases of 
heartfailurewitliextensivepulmonary dianges And any consider 
able accumulation of lactic aad occurs only in extreme cardiac 
failure (page 133) 

Tlie high degree of anoxemia or carbon dioxide retention necessary 
per ee to elevate the blood pressure appreciably is indicated by the 
experimental observ ations iff Cobet * He found that the v asomotor 
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centers are not nearlj as sensitive to these stimuli as are the respira- 
torj centers Thus, while inhalation of carbon dioxide sufficient 
to lower the pH of the blood 015 produced dvspnea that was 
hardly bearable, tbe arterial pressure rose onl> about 20 mm of 
mercurj And he also found that with intact circulation, the 
oxjgen content of the blood had to be decreased at least 25 per 
cent to elevate the blood pressure 30 mm 

However, it is to be presumed that when heart failure is accom- 
panied b\ cerebral arteriosclerosis or results m pronounced slowing 
of blood flow, smaller changes m the blood gases will suffice to 
exert pressor effects For the increase in the aciditv of the centers 
due to the slowing of blood flow will be summatwl with the changes 
m the chemical composition of the blood 

The most striking elevation of blood pressure due to cardiac 
failure, one which apparently results pnmanlv from anoxemia and 
perhaps also carbon dioxide retention is that frequently observed in 
the acute pulmonarv cvlema of left ventricular failure In these 
patients, asphyxia follows the filling of the alveoli and bronchioles 
with edema fluid, the cvanosis testifies volublv to the high degree of 
anoxemia It is true that not all instances of pulmonarv edema in 
left ventricular failure are accompanied bv elevation of arterial 
pressure In some cases, the blood pressure falls presumably the 
weakness of the left ventricle more than counteracts the vasomotor 
stimulation due to the asphvxia The hvpertcnsion due to the 
asphyxia may be very considerable Thus a man with aortic 
stenosis was admitted to Mount Sinai Hospital m acute pulmonary 
edema, deeply cyanotic, bnnging up laq»e quantities of pink frotliv 
expectoration and apparently in a cnticaJ condition His blood 
pressure was 212/120 ram He improved with remarkable rapiditv 
after injection of morphine and venesection The next dav his blood 
pressure was 130/80 mm and at no subsequent time did he exhibit 
hypertension In some patients the blo^ pressure rises sharph 
during each of repeated attacks of pulmonary edema This asphv c- 
tic hvpertension resulting from pulmonarv edema must of course 
be differentiated from the syndrome— occurring especiallv in acute 
glomerulonephritis— in which sharp rise m blood pressure is foUoiced 
by left ventricular failure and pulmonary edema 

Incidentally, it may be remarked that the mechanical effects of 
the respiratory movements are not concerned in elevating the blood 
pressure m these acute episodes of pulmonarv edema or m other 
instances of heart failure with severe dv'^pnea Cobet found that 
dunng voluntarv hv pen entilition of high degree the blood pressure 
generally falls a little 

Slowing of Blood Flow —Slowing of blood flow tlirough the vaso- 
motor centers presumably tends to stimulate them and thus to 
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couuttrut to some extent thchjpotcns»%e effect of the diminished 
cardiac output niucli pro lucu the slowing (hone\er seepage 168) 
Increased Venous Pressure —Increase in ^cnou 3 pressure due to 
hilurc of ihc right licart with its resultant rise in capillary pressure 
must cause a corresponding incrcnicnt m the peripheral resistance 
and therefore in the arterial pressure In sc\ ere riglit lieart failure 
this factor might c(e\ ate tlic arterial pressure 10 or c% en 20 mm of 
inerewr> 

Edema —It has been suggestcil b> Lnn and Haguenau '■ that 
the formation of olciin tends to cleeatc the blood pressure through 
comjiressiiig the capillaries thus increasing the peripheral resistance 
The low hlood pressure m chrome nephrosis with its massi\e edema 
sliows that this factor is insigniOcnnt 
Ascites — flic rajiid formation of copious ascites ma^ so interfere 
witli the \cnou3 return to the heart as a result of compression of 
the inferior \cna ca\a and ficrhaps also Uie portal aein that the 
arterial pressure is depressed riiormgton and Schmidt” found m 
dogs that when ascites raises the intra ahdommal pressure to 80 mm 
of mercurj the arterial pressure usual!) falls 5 to 10 mm of 
mcrcur) Iloweitr ascites due to heart failure usuillv forms ao 
gradual!) that tl e alxlomina) wall relaxes and there is little nse m 
Ultra abiloinuial tension \ niudi more important circulatory 
effect of copious ascUcs is that due to elev ation of the diaphragm 
and consc(\iu iit displacement of the heart 
Benal Ischemia —In the light of Goldblatts work it might be 
thought tint in heart failure with decreased cardiac output dimin 
isheiJ renal hlood flow would tend to elevate the pressure But 
apart from rare instances m which embolism of the renal arterial 
prod ices Iiipcrtciision in a patient with heart failure this concep 
tion ispurdv b)potlictical 

Increased latracramal Pressure —In right heart failure with high 
\ enous prc'-sure the mtracrannl tension is also clev atcil (page 277) 
the pressure of the cerebrospinal fluid in such cases maj exceed 
3o0nim of water In tlicse cases it is conceivable but not proved 
tliat tlie increased intracranial pressure tends to elevate the arterial 
tension 

Bed Rest —Be I rest often in luces a drop m blood pressure espe 
cialK irundiv]dualswitbh)pcrtension In many cases of hj-perten 
Sion with heart failure in which the blood pressure comes down 
during treatment the bed rest is undoubted!) a factor 
Efiects oi Heart Fadure os the Aitenal Pleasure High pressure 
Stasis (Hoohdruckstauung) —In view of the diversity and opposing 
nature of the factors influencing the arterial pressure m heart Injure 
It might be anticipated that effects of the latter on the blood 
pressure would be variable and such is actiiallv the case 
The changes m arterial pressure dunng heart failure have been 
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Studied b> a number of in\ estigators The older clinicians thought, 
more from theoretical considerations than from actual measure- 
ments, that heart failure causes the blood pressure to fall, and that 
uitli improvement of the heart tt nses again Sahh” was the first 
to make the important observation that in some patients with high 
blood pressure and circulatory stasis "digitalis is able not only to 
eliminate the stasis but also, paradoxically, to lower the elevated 
blood pressure by 30 to 40 mm of mercury ’* Lang and Manswe- 
towa” found that as a rule a break m compensation m cardiac disease 
is accompanied by a rise in arterial pressure, which falls again as 
the heirt improves This was especially often the case in mitral 
disease and the emphysema heart In chronic myocardial disease, 
Wolferth*^ observed that the svstohe pressure may rise, fall or re- 
main stationary , but that the diastolic pressure almost alw av s fell , 
only once did it rise as much as 10 mm In mitral disease, Wolferth 
found a decrease in pulse pressure the most common abnormality 
Loschkarewa** noted that m 37 of GO instances of heart failure the 
blood pressure was elevated during the period of circulatory insuffi- 
ciency , in only 7 of the cases did the pressure fall strikingly This 
paradoxical rise in blood pressure was the more pronounced the 
higher the original blood pressure and the more sev ere tlic failure 
The systolic pressure was more often and more markedly changed 
than the diastolic Similar observations were made by Meyer and 
JluIIcn*^ m a careful study of 3o patients with severe cardiac decom- 
pensation They were treated with rest in bed digitalis and 
opium when needed In 16 cases, the svstohe blood pressure fell 
from 10 to 10 mm is compensation became established, in 12 it 
was unchanged, and m only 5 dul the pressure rise as compensation 
improved, in tlie remaining 2, the pressure fell with return of com- 
pensation but returned to its original level before the patient left 
the ho'ipita! Gillavardiii* also found that as a rule the blood pres- 
sure rises during the decompensation of valvular disease {hyper- 
leiuiou ait/sfoli(jue) 

The results of these investigations show —as would be anticipated 
from the diversity of the partiapating factors enumerated above— 
that cardiac failure does not alwavs alter the blood pressure in the 
same direction In many cases of valvular disease, hypertension, 
and chronic pulmonary disease, the blood pressure nses during 
bouts of decompensation, but m others it falls or is unchanged In 
the terminal stages of heart failure, of course, the blood pressure 
falls .Vs far as my observation goes, active myocarditis of rheu- 
matic or other etiology is especially apt to be accoropamed bv faj] 
in blood pressure, here, there may be complication by peripheral 
circulatory failure due to the infection In dynamically significant 
pencardial effusion, also, the blood pressure generally is depressed, 
often strikingly so Coronary thrombosis is often accompanied by 
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n bni'ique fall in blood pressure, this is so chnr'ictenstic that m 
sudden depression of the previously elevated arterial tension, the 
possibilitj of coronar\ occlusion roust ahvajs be m ones mind 
IIo%\c%cr, cxtepliomlij, the blood pressure rises m the first hours 
after the occlusion (pa^c -4^6) 1 ollowing the occlusion, the blood 

pressure often remains low mdcfimtclj 

Of sjiccial interest is the clinical picture described by Salih” under 
the term of lIocMniciaUiuims, Iitcrall>, high pressure stasis His 
description nas \co cursory and llic term has since been applied 
to (iilfereiit clinical states Apparently Sahli intended the term 
iiigh pressure stasis to mdicitc onl> the fact considered paradoxical 
at the time that carthac failure and high arterial tension can co-cxist 
He ilso addctl the observation iiieiitioiicrl above, that m such cases 
the blooil pressure maj fall vvlicn cardiac function improves under 
the action of digitalis 

Tvv 0 groups of cases nia> bt incluilcd in llie categorj of liigh pres 
sure st ISIS 

1 I'aticnts vvitii prc^isttnt hjpcrtcnsion m whom the blood 
pressure ts mamtamed at a high level or even rises os the heart fails 

2 I’atients with prcviousK normal blood pressure m whom car- 
diac f iilurc ts accooijiaiiicd b> elevation of blood pressure here are 
includnl 

(o) Atute episodes of pulmomrv c<lcinovvjth transitoo asphyctic 
h\ perlension In these, the sj stohe blood pressure ma> even exceed 
20(1 nun (page 2 W) 

(/;) Afore protracted episodes of elevation of bloo<l pressure during 
bouts of decompensation In these the higher pressure may be 
nmintainid for weeks and then come down to its previous level as 
the heart improves Ihc cases are ooinmon but the elevation is 
gcnerallv onl> of the order of 10 to 30 mm of mercury and there- 
fore can scarcclv be vlcsignatcd as hjperteosion The best marked 
examples in mj experience have been Uie failure of the einphjseina 
heart hlost of the cases in which tJit elevation of blood pressure 
during decompensation is considerable are elderly individuals and 
it max well be that at least some of them have a predisposition to 
easeniJaJ J}>pirtcnsjcm or are w> the &st phases of tins disorder 

The Pulse Pressure —Decrease m pulse pressure has been coa 
sidered bv some as especially charactenstic of heart failure In 
mitral stenosis IVolfcrtb*' found decrease in pulse pressure the 
roost common abnormality In arteriosclerotic and hypertensive 
heart disease pulse pressure low in comparison to the diastolic 
pressure is common but b> no means invariable and even a high 
pulse pressure may be present when tlie aorta is verj sclerotic 
In various tv pcs of heart failure Loschkarewa-* found that as the 
heart improves the pulse pressure roost often decreases In general 
the pulse pressure tends to be lower the more rapid the heart rate 
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evidently because the diastolic pressure b elevated by the abbrevia- 
tion of diastole (page 78). 

Blood Pressure Eeactions.— As might be anticipated, the blood 
pressure reactions show some abnormalities in heart failure. Thus, 
C. Mueller*^ found that the drop in blood pressure which occurs 
during sleep in tlie healthy is absent in severe heart failure. And 
hlortensen** obsen-’ed that the blood pressure is not as well main- 
tained in the erect posture when tlie Jicart is insufficient. With 
an efficient myocardium, he found that the systolic pressure in the 
erect posture is hut slightly lower, up to 8 or 10 mm., than when 
reclining. On the other hand, Mortensen noted that in cardiac 
failure the systolic pressure is depressed from 10 to 50 ram. on 
assumption of the erect posture. The diastolic pressure rose slightly 
in the erect posture in both the healthy and those with diseased 
hearts, hlortensen suggested the comparison of the blood pressure 
in the erect and reclining posture as an index of cardiac efficiency. 
However, I have several times observed considerable drop in arterial 
pressure in the erect posture in individuals of asthenic habitus but 
no heart disease; the fall in arterial pressure in such persons is 
probably due to decreased venous return rather than cardiac 
weakness. 

Peripheral Circulatory Failure.— The arterial pressure in shock b 
discussed in Chapter XXXI. 

ALTEBNATION OF THE PI7LSE 

In a patient wItJi an enlarged and failing left ventricle, apparently 
on the basis of hypertension and coronaiy sclerosis, Traubc** 
observed “a sequence of high and low pulses, occurring in such a 
manner that a high pulse regularly follows a low pulse, and that 
tliis low pulse is separated from the following one by a shorter 
pulse than from the preceding high pulse.” To this phenomenon 
Traube applied the term pulsus aUermns, though some authors 
prefer to designate it os alternation of the lieart and tliereby indicate 
tJie origin of the variations in the strength of the pnisc. Tranhe’s 
description of the weak beat as closer to tlie succeeding than to 
the preceding stroke is important; it serv’cs in general to differen- 
tiate the true pulsus altemans from the sequence of strong and 
weak pulses due to regularly recurring cxtrasystoles (pulsus bigem- 
inus), in whicli the weak beat is usually closer to tlie preceding 
pulse. 

Following Traube’s clinical observations, alternation was studied 
in the survi\’ing cold-blooded heart in the course of Gaskell’s'^ 
classical work. Since then, alternation has been subjected to 
extensive clinical and experimental investigation, which is discussed 
in detail in the monographs of Gravier,* Kiscb,“, and Poumaillaux.** 
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Clinical Description o! Pulsua lltemans — Wlien t!w alternation 
J3 \er\ niarkol it is iinmaliatcJ.v detected on palpation of the 
radial pulse fjiere is u succession of strong and neak beats the 
rln thm being citlicr regular or the weak beat closer to the folloieing 
strong !>cat Isolatcfl eases hi\t been observed m whicli the alter- 
nation was so cKtreme that the pulse, at the wrist was haUcii to 
the palpating finger Ihc alternation maj be more obvious m 
onenrterj than another, thus in 'Iraubc s original case thealterna 
tion could be detceted at times in the cirotid when it could not be 
felt in the niluls lor the detection of the pulsus alternans 
Windlc*^ advises tlut the jialpatmg finger be apphol hghtlj when 
the arterial tension is low and finnlv when it is high An artifice 
that 13 sometimes of liclp is the bimanual palpation suggested by 
Gallavanlin and Grivitr* The brachial artery is graduallj com- 
pressed with one haiiil while the radial pulse is palpated with the 
other 

However cases of alternation so inarkcii as to be obvious on 
simple palpation arc rare and those wlio confine themselves to this 
meUiod will overlook most instances of tlic pulsus alternans 'Much 
more often altemation is first delected b) careful observation 
eluntig the. measurement of the hlood pressure If the cuff is 
iriflatal well above the systolic pressure and the air let out slowly 
the first sounds heard corresfiond to onl} lialf Uie heart beats 
tins IS the sistolic pressure of tlie strong beats Continuing the 
dellati m the sounds corresponding to the weak beats appear when 
the svstolic pressure of the latter is reached The differences 
between the systolic pressures of the feeble and the strong beat mav 
range from i few to more than 40 ium Hg although the higher 
values are verj rare These findings can often be eonfirmed by 
palpation of the radnl pulse during the compression Morns** 
states that the intensitv of the sounds over the brachial artery 
usuallj alternates all the wav to the diastolic pressure This has 
been very exceptional in m> evptriencc 

The most sensitive methoil of detecting allernntion is b\ means 
of tlie spbvgmograph Che pulse tracing reveals alternation of a 
degree too dtght to Ire cyrdent iy Otc aboJesmcnlMWcd chmea] 
procedures It is bj means of the ‘sphvgmograph that the highest 
percentages of instances of pubus alternans have been detected 
(page 87) The strong beats nse higher tlian the weaker ones 
Moreover as pointed out by Wenckebach and Wmterberg" the 
weak beats may start from a higher footpoint than the strong ones 
they attribute this to the fact that the strong beats leav e the arteries 
better filled ihere may also be alternation in the form of the 
plateau the location and forms of the dicrotic wave etc The 
sphygmograph also brings out the diagnostically important point 
(for differentiation from the bigeminy of extrasystoles) that the 
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beats are equally spaced or the small beat is closer to the succeeding 
large beat \3 a rule, the dela> m the small pulse is the greater tlie 
more marked the difference between the height of the small and 
large pulses Ihe mechanism of the retardation of tlie small pulse 
13 discussed below 

In some instances, alternation is continuouslj present, but in 
others it appears onlj under special circumstances Verj often, 
alternation can be brought out or intensified b> ha\ mg the patient 
exercise I ha\e frequeiitlj employed this artifice successfully, 
especiallj m hjpertensioii Ihe blood pressure cuff should be left 
m place durmg the exercise so that auscultation of the brachial 
arteiy can he begun mimediatel> after the patient comes to rest 
The other circumstance which often brmgs out alternation is a 
premature contraction, the inequality of the pulses may be present 
for only a few beats after the extrasystole Lewis’* points out that 
a premature contraction ma\ be e\oked holding the breatli, 
and alternation thus rendered manifest 

The Heart in Alternation —Inasmuch as the immediate meclnn- 
jsm of tlie pulsus altemans is that the left lentricle expels larger 
and smaller ^olumes of blood m alternate contractions, it might be 
thought that the evidences of alternation on eNamination of the 
heart w ould be % ery striking Such is actually the case m the experi- 
mental animal where the heart is exposed or excised, but in most 
clinical cases tlic cardiac signs of alternation arc characten 2 cd by 
their paucity and may indeed be indiscernible bv all the usual 
methods of examination In fact, Wmdlc and Laubry'* did not 
obseiwe any differences in the heart sounds corresponding to the 
alternating beats On the other hand, Morns found alternation 
m the intensity or pitch of the heart sounds or murmurs m 7 of 
19 patients with constant pulsus altcrnans Mackenzie** long ago 
pointed out lliat alternation of a systolic murmur is especialh apt 
to occur By means of graphic records, Cossio* and his associates 
demonstrated concordant alternation of the first sound m all of 
se\cn instances of pulsus altemans, alternation of the second sound 
was present m only 4 of the patients 

Direct evidence of the alternation of the cardiac contractions 
has bt'eii obtained by radiostopic methods Meyer and Lc\y * 
mention brielly tliat tliey accomplished thu,, apparently with the 
fluoroscope Scherf and Zdansky*^ ha%e published the roentgen 
kymogram in a case with pulsus altemans which exhibits the 
alternation of the amplitude of contraetion of the left border of the 
left \ entricle 

The cardiogram may exhibit the alternation \try clearly How- 
e%er, there are also mstaiicea of well-marked alternation of the pulse 
whidi do not reveal tlie alternation m tlie mechanical tracing of 
the apex beat Vlternation in the cardiogram does not ncte*ssaril\ 
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correspond to tJiat of the pulse, thus, Windle and Ilering* Imve 
published cardiograms, the fonner in chnical alternation and the 
latter in tlit dog from iJifftrent areas in which tin. aJternatioa in 
the luight of Uic indi\idoaI \tntncuiar waves was tlie reverse of 
tliat of the pulse '1 lie eiqihndtion lies m the fact that tlie excursion 
of the mechanical tracmR from all areas of the precordium 13 not 
necessanlv a measure of tJjc volume of blood avpellcd by the heart 
Perhaps tlic most important point revealed by tlie cardiogram is 
that in almost all instances the cardiac contractions arc absolutely 
regular despite the fact tlijt the small pulse wave is usually delayed 
at tilt wrist nns shows tliat the retardation of the small pulse 
beat is not dut to a delay in the onset of the corresponding ven- 
tricular systole but to a greater interval between the time of otcur- 
reiice of the weaker cardiac contraction and its puUe beat than 
that between the stronger systole and the e-orresponduig pulse 
In alternation produced with glyoxyhe acid m tlie rabbit, Hoke 
and Hilih* found timt the weak pulse was delayed 0 073 second, 
while tlie strong one was delayed OOJd second Evidently the 
puUe of the weak systole i> transmitted more slowly, there may 
also be a delav m the opemiig of the lortic v alv e by tlie w eak beat 
On rare occasions, a delay m the weak cardiac systole itself has 
been observed (I-cwis and MatlusoiP* and others) 

Perhaps the most remarkable feature of the eleclrocardiogravi, 
in patients with pulsus altcnians is that it most often fails to show 
any trace of alternation Tlicrc arc, however, instances in which 
alternation is manifested in the electrocardiogram Afost often, 
tins consists uj alternation m tlie amplitude of the P wave but the 
R or any of the other deflections may be similarly affected, and 
rarely alternation in tlie form of some part of tlie electrocardiogram 
IS present Tlie larger wove in tlie electrocardiogram may cor 
respond to either the large or the sm-vU pulse beat Lewis” long 
ago pointed out tliat there is no correspondence between the elec- 
trical and mccUamcal manifestations of alternation he stated that 
there may be alternation m tlie electrocardiogram when none is 
discernible ui the pulse On tlie basis of these facts Poutuaillaux “ 
Condorelli,* and otliers have endeavored to differentiate electrical 
(affecting tlie excitation wa^e) from tncchamcal (affecting tlie con- 
tractile force) alternation of tJic heart As a most striking instance 
of electrical alternation, Condotelli mentions the rare instances m 
which the electrocardiogram exhibits alternation of right and left 
bundle-branch block, this has be«i observed especuilly during 
attacks of paroxysmal tacliycardia As anotlier example of elee- 
tncal alternation, CondorelU cites instances of auricular fibrillation 
10 which the H wave alternates m height although there is no regu- 
larity about the duration the preceding diastoles Despite 
these facts Ivisch” denies the justification for fundamental differ- 
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entiation between electrical and mcchamcai alternation, he holds 
that it 13 based merely on the greater predominance of one or another 
s>mptomatic manifestation of the same underlying phenomenon 

In a few instances, the first due to Volhard,** evidences of alter- 
nation of tile auricle have been observed m the auricular wa\e of 
the phlebogram or cardiogram, in some instances the&e ha\e been 
secondary to ventricular alternation, but in others there seems to 
have been independent auricular alternation (See Wiggers** and 
Pezzi and Donzelot”) Alternation of the P wave has also been 
obsen ed b} IViggers and others 

The inequality of the cardiac contractions in alternation occasions 
no subjective sensations 

Occurrence of Alternation —The pulsus alteraans was formerly 
considered a rarity This is true of the manifest vanet>, imme- 
diately detectable on palpating the pulse But alternation is not 
so rare when more precise methods are used Thus with the 
sphygmograph White** demonstrated alternation m no less than 
71 of 300 cardiac and cardiorenal patients Sixty -six of the 210 
patients with cardiac decompensation had alternation In the 
71 instances of alternation, it was constantly present m 15 , onlv 
after premature beats in 53 , and was of a phasic type in the other 
one 

The conditions under which alternation appears clinically are 
those in which the heart is overtaxed This may be due to disease 
of the hcirt muscle, as m coronary sclerosis, to an increase m the 
work required, as m hypertension, or to diminution in the dnstohe 
rest period, as in paroxysmal tachycardia However, it is to he 
emphasized that factors other than heart failure also enter into the 
pathogenesis of the pulsus alternans This is indicated by the fact 
that tlie most severe heart failure is by no means always accom- 
panied by alternation I have often failed to detect the pulsus 
'ilternans in patients dying of classical asystole, even though I 
sought for it carefully with the sphygmomanometer In the large 
majority of instances of heart failure in valvular disease, alternation 
never appears to the very end On the other hand, it may occur in 
well marked fashion in tlie hypertensive or arteriosclerotic heart 
or during paroxysmal tachycardia, while tlie patient is able* to gel 
about I have several times detected alternation in hypertensive 
individuals w ho had been keeping at their occupation Interestinglv 
enough, as has been noted by prev lous observ ers, the alternation m 
such patients may disappear when heart failure becomes more 
severe Indeed, it seems to be the rule that pulsus alternans dis- 
appears m the terminal stages of asystole Evidently some coeffi- 
cient m addition to heart failure enters into the pathogenesis of 
alternation, the matter will be discussed further below, where it 



8S TUB iRTERIAL PRESSURE AND PUISE 

Will be pointed out that little is actually known of the nature of 
this factor 

'ihe chnicnl conditions in wbith alternation is most often obser\ td 
art hypertension and tachycardia 

'Ihe \ust riiajorit) of instances of pulsus ‘iltcrnans, espcciallv 
wlitn well niarkal, occur tn patients with arterial hypertension 
'lhi$ was the case in 18 of PoumadlauKs 21 patients with alterna- 
tion and 111 Ij of Ixitfilcrs** 10 Most often, these Inpertensive 
patients wiUi pulsus altcrnans present evjdtnas of left eentncular 
msufhcitiicy, there may or may not also be right heart failure 
I ha\e seen atternation of 20 niin elisapjiear in a hjpertensiee 
when the right heart faile<l Altemition has been obscrecd to 
dnniinsb or disappear when elceatcd blood pressure is lowered with 
aiinl nitntc (Kiseh) or acelyleholine (Ponmaillaux) Most hyper- 
tensive patients with pulsus alteniatis present climtal or electro- 
cardiographic evidences of mvocardial damage attributable to 
coronary arteriosclerosis and this is presumably true m practically 
all Much more rarely , aUcmation occurs in coronary artery dis- 
ease m Uie absence of present or past hy'pertcnsion I’ecuharly 
enough, pronounee’d alternation of the pulse is a rarity in recent 
inyocarxinl infarction (Uoucoinont' Poumaillaux, own observa 
tioiui) This IS tlie more purzimg because Lewis" long ago sliQvved 
Uiat alternation of the heart commonly appears in axpcrimeiital 
coronary occlusion In Lewis’ experiments tlicrc was marked 
tacliycardia, to which the alternation might be attributed How- 
ever in experiments on perfused canine and human licarts Xisch*^ 
sliowcd tliat the alternation is a direct consequence of the disturb- 
ance in the nutrition of the area supplied for occlusion of the left 
coronary was followed by alternation conSncxl vrliolly or solely to 
live left vcntiicle and tivat of tlie right coronary by alternation of 
tlie right ventricle I have not observed alternation of tlie pulse m 
peripheral circulatory failure 

Next to arterial hypertension, tlie pulsus altenmns is most 
commonly associated with tachycardia Jn the vast majority of 
instances of clinical alternation, the heart rate is accelerated 
Experimentally, it has been demonstrated m a \arietv of ways (see 
Kiscli) that m a heart predisposed to alternation by exhaustion or 
ot)ieF iscUibdic thjivges, the ahentation caa be brought out or 
intensified by accelerating the pulse rate and, on the otlver hand, 
caused to disappear or dimmish by- slowing the heart TJie same 
IS true in climcal medicine Quite often. acx:eIeration by exercise of 
the heart weakened by coronary sclmisis or other cause serves to 
bring out transitory alternation, which vanishes as tlie heart slows 
However the outstanding example of alternation due to tachycardia 
IS seen m paroxysmal tachycardia In these patients there may 
Ije marked alternation duemg the attack even though there are no 
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peripheral evidences that the heart is /ailing ^Vhen the attack is 
over, the alternation disappears Occasionallv , alternation clears 
up during digitalis therapj , the slonmg of the heart is probably 
concerned 

In addition to these two classes of cases— the one with hyper- 
tension or coronary disease and the other with paroxysmal tachy- 
cardia— which make up the vast majontj of instances of alternation, 
the pulsus alternans is observed m very rare cases of rheumatic 
and thyrotoxic heart disease as well as in the cardiac failure of 
pneumonia and other infections It is rather remarkable that 
alternation should be so rare in the thy roid heart despite the pro- 
nounced tachy catdia usually present 

There are a few observations on record in which alternation was 
produced in humans by digitalis A clear example is that reported 
by Windle “ in which the administration of digitalis to a woman with 
tachycardia and nervous symptoms but neither Graves disease 
nor heart failure resulted in alternation following the extrasystoles 
due to the digitalis 

A remarkable observation is recorded by Mackenzie which 
concerned alternation during renal coht though it was present 
neither before nor after 

In amvial expennienlation alternation of the heart is often 
encountered and readily produced It has been known since the 
classic studies of Gaskell^ on the frog s heart that when the surviv- 
ing heart becomes exhausted os a result of protracted contraction 
or deficient nutrition alternation commonly dtv elops The alter- 
nation may affect only Uie apical or basal portions of the v entricle 
or it may be more w idespread Altenialion has also been ob&er\ ed 
in surviving strips of lieart muscle It was mentioned aboie that 
alternation can be produced by obstruction of a coronarv artery 
Acceleration of the heart either by direct stimulation or through 
the nerves may also bring out alternation A number of chemicals 
have been shown to produce alternation Among them are the 
digitalis bodies of which antiarm has been especially useil m the 
experimental study of alternation Glyoxyhc acid has also been 
found to produce v cry marked alternation 

Pathogenesis of Alternation —The remarkable phenomenon con- 
sisting m alternation of a larger and a smaller stroke volume of tlie 
left ventricle m tlie absence of any aberration of rhy thm has natur- 
ally evoked attempts at explanation Tliese have been based not 
only on chmeal observation but also on e.\i>enmental studies The 
latter have been facilitated by the case with winch alttriiation is 
produced in either the cold or the warm blooded litart iSeverthe- 
iess, it must be admitted that as yet the fundamental pathogenesis 
of alternation is largely obscure It is indeed, quite possible that 
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there cxvit patl\ogenelJcall> distinct varieties of alternation a \iew 
to wliidi most recent investigators (e g Wiggers”) mclme 

'liie conditions under which altcmation is encountered in clinical 
and cxiicnmcntal work iimncdiatcl> suggest that the plienomenon 
IS m some way connected with cardiac failure This la another 
way of saving that 'vltcrnatiou is a manifestation of encroachment 
on tJic factor of safet} of tlic Jicart t e tlmt the heart is laboring 
close to Its niaxmium capacity at the moment be this a result of 
increase m the rate or load ofquahtativcly orquantitati\eI> inade- 
quate blood sup]d> or of intrinsic disease of the mjocardium 
However such an c'lplaiation of alternation as a manifestation 
of Jieart failure meets with difficulty in elucidating the fact that 
alternation is most often absent m certain varieties of heart failure 
for example in valvular disca'it ns well as the common observation 
that altcmation generally ilisaiipears in the terminal stages of heart 
fadure although the heart is then less competent than when tlie 
alternation w is present In addition to heart failure therefore 
there must also be icccssoiy factors iii tJie patliogcnesis of alternation 
which arc prcstnl in only some conditions of cardiac embarrassment 
and tluu lead to alternation aud winch geucrallj vanish m the 
terminal stages of as> stole with the disappearance of the alternation 

In a broj 1 w a> there hav e been tw o sdiools of tiiough t concerning 
the pathogenesis of clinical alternation 

1 Those who consider the alternation as due primarily to alter 
natt increase and decrease m the strength of the cardiac contraction 

2 Ihosc vvlio believe tlmt while diminution in the functional 
eipacitv of the iu>ocardiuru is an essential prerequisite Uie actual 
alternation is evoked by appropriate djnamic conditions of the 
circulation which alternately increase and decrease tlic iiliing of 
the heart and therefore its output 

Cardiac Factors in Alternation —Since the pioneer observations 
of Oaskcll ^ tlicre has been no doubt tl at aittrualion can be due 
entirely changes in the myocardium without the inttnention 
of t-xtracardiac factors This is proved b\ repeated observations 
of alternation in the bloodless heart and even in rings of cardiac 
muscle Moreover Gaskell observed in the frog s heart that alter 
nation mav alFcct only part of tin. ventricle the basal part con 
tracting at each beat but the apex only nt alternate beats — partial 
alternating asystole In other instances observation of the 
exposed 1 cart indicates that it is not a locahzetl area of the organ 
tliat fails to contract at altcniate beats but that e\ ery second con 
traction is weaker tJiroughout the heart— total alternating asys- 
tole or really hyposy stole In the latter event the defectiv e fibers 
may be diffusely distributed tlmm^ont the alternating chamber 

The explanation of these observations that naturally offered itself 
to Gaskell aud his followers was that alteniation is due to the non 
participation of some of the heart muscle fibers m alternating 
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contractions FoUow mg "Mines,®* it is now generally thought more 
probable that when alternation is present some fibers do not con- 
tract m either the large or the small beats, but that the number 
falling out IS greater in the small beat According to this view, both 
the larger and the smaller beats m alternation are abnormal, a con- 
ception which helps to explain certam of the above-mentioned 
discrepancies between the electnea! and the meclianical changes 

No entirely satisfactory explanation for the falling out of certain 
fibers at alternate contractions lias jet been offered Gaskell 
attributed it to decrease in irritability, while other investigators 
have incriminated deficient contractility or conductivity Kisch 
IS of the opinion, and brings expenmental evidence to support his 
view, that all the functions ( bioenergetic properties,” as he terms 
them) of the fractious of the myocardium which fall out are de- 
pressed The most widely held conception is that the refractory 
period of the fibers in question is increased as a result of the under- 
lying disease (deficient blood supply, overwork, etc) so that they 
fail to contract at every beat, and only respond to every second 
or rarer stimulus, being enabled to do so by the longer rest This 
conception of alternation as due to prolongation of the refractorj 
period of certam fibers accords very well with the fact that the 
appearance of alternation is favored by acceleration in rate and 
that alternation may appear during paroxjsmal tachjcardia in a 
heart whicii is apparently functionally competent But it is to be 
emphasized that the explanation is as jet little more than hjpo- 
tlietical and indeed has little meaning until more is known of the 
biochemical basis of the refractory period even under normal, let 
alone diseased, conditions 

Bole of Eztraoardiac Factors m Alternation —Of late jears, the 
significance of extracardiac factors for the jiathogenesis of the pulsus 
alternans has been stressed, especially by \\ enckebach** and more 
recently by 1Viggers“ and PoumaiHaux ” It has long been known 
that under many circumstances there is a direct relation between 
the stroke volume of individual beats and the length of the preceding 
diastole Three factors maj be concerned m tins proportionality 
Ihe longer the preceding diastole, (1) the greater the filling of the 
heart because inori, tune is allowed for venous return, (2) the lower 
the pressure in the aorta because the arteries have more time to 
empty, and (3) perhaps the succeeding sj stole is more powerful 
because of tlie longer rest jienod 

lliL djnaimc considerations explain verv plausiblj why pre- 
mature contractions are so often followed hj alternation of varying 
duration in the hv'podjnamic heart The jiremature contraction 
IS followed by a prolonged diastole (compensatorj pause) As a 
result of this prolonged diastole the three factors mentioned abov e 
operate aortic pressure la lowered, the filling of the heart is 
incrtased, and its recuperation is gr«jtcr The consequence is that 
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the ncit sj stole expels a larse ■volume of blood llovvever, as a 
result of tile larger stroke volume, aortic pressure is raised, the 
volume of blood rcuiairiuig in llie ventricle is small (Uiggers), and 
the muscle is more fatigued Uhe conserjuiiice is tliat the succeed- 
ing 8> stole expels a smaller volume <rf blood I his sequence may be 
repeated a number of tunes, the difference between the large and 
small beats gradunllj becoming Jess 
Likewise, Wenckebach points out tliat these hemodjnainic con- 
siderations explain why acceleration m rate favors so greatly the 
development of alternation lor the filling of the ventricle occurs 
almost entirely in the first part of diastole (page 203) Sinee diastole 
IS great]} sliortcned hj tachycardia, slight varutions m rhythm 
will impinge on this period of rapid filling and thus affect the out- 
j)Ut of tile licart much more markedly when there is tachycardia 
Hence, premature contractions are mote apt to be followed by 
alternation when tJie lieirt is rapid £xpcriinentul verification of 
Uicsc conclusions was obfamed by Wiggers In a v aricty of expen- 
nicnts, ho sliowcd tliat a prolongtHl diastole (such as follows a pre- 
mature contraction) is followed by alternation when the heart rate 
exceeds a critical level of about 140 per minute 
These studies imhcatc quite dearly that one hemodynamic 
condition whidi favors the production of alternation is a prolonged 
diastohc pause interrupting an aecdmtexJ heart rate Indeed, 
Wcnekcbadi is of tiic opinion Umt such a mechanism is operative 
111 all instances of human alternation He mamtams tiiat the 
rhythm of the licart is never absolutely regular that minute ir- 
reguianties are the rule and not the exception, and that such irregu- 
larities, acting m the presence of hypertension or tachycardia 
bring on alternation by (be hciuodynainic mediamsm just dis- 
cussed This IS probably true m the instance of alternation fol- 
lowing premature contractions But in the case of continuous 
alternation tJiere is no evidence of tlie lole of irregularitv of rhy thm, 
which IS indeed hypothetical Here, the causes of the alternation 
seem to reside primarily m the defect of tlie myocardium itself, 
with extracardiac hemodviianiic factors playing onlv' a secondary 
and accessory role We have seen tliat Uie most widely held con 
ccptioii of tlie nature of tlie myocardial defect u that it consists 
in the deletion of the contractions of individual elements of the 
mvocardium quantitatively so spaced as to result m alternately 
weaker and stronger systoles, tliat this ‘explanation” contains a 
large germ of assumption has already been sufficiently emphasized 
Although tins obscure myocardial disturbance is of primary 
importance for the pathogenesis of alternation, the secondary hemo- 
dynamic factors are likewise veiy significant Indeed it seems to 
be most often tliese hemodynamic coefficients which sen e to con- 
vert potential into manifest rdtemation This is illustrated by the 
cases m which alternation can be detected only after the long 



ihTEIih \TtO\ Of THE PULSE 


93 


diastolic pause of in extras>stole or onlj after the heart has been 
accelerate by exercise And liLeuise alternation may be caused 
to disappear by removing some seoindary coefficient as when the 
heart rate is slowed or the blood pressure lowered with accompany- 
ing abatement of alternation 

Prognostic Significance of Alternation —The pulsus alternans has 
been regarded as a harbinger of imminent ev il ev er since 'ilacl^enzie s 
observation that hia patients with alternation all succumbed within 
a few j ears It is the faint ciy of an anguished and fast failing 
muscle which when it comes all should strain to hear for it is not 
long repeated A few months a few jears at most and the end 
comes (Lewis) Iwentj five of Whites** 71 patients with alter 
nation demonstrable in the sphygmognim died within ten months 
of the finding 

Of the evil prognostic significance of continimis alternation pres- 
ent when the patient is at rest there can be no doubt It seems 
safe to sav that a large majontj of such patients— who are usually 
sufferers from hj pertension and coronarj sclerosis— succumb w ithin 
two years of the finding of the pulsus alternans However there 
arc also exceptions like all other signs or symptoms the pulsus 
alternans is not prognostically infallible I saw a man with hj-per 
tension coronarv sclerosis and probabI> an aneurjsm of the left 
ventricle wlio had had alternation for three vears and nevertheless 
was able to get about when I lost saw him 1 he literature contains 
a number of instances of well marked alternation lasting for many 
jears Thus Mackenzie mentions a man with alternation of 
fourteen >cars duration and Laubrj and Houtier** instances of 
eight and elev en a cars 

It appears that the more marked the alternation i e the greater 
the differuict between large and small pulses the more serious the 
prognosis In fact niimnial alternation of a few millimeters of 
mercvirj seems to have comparativclj little prognostic significance 
although it generally accompanies other evidence tcstifving to 
serious m\ ocardial damage In a general w av it has been found 
that nltemation occurring m the presence of accelerated heart action 
is of less serious prognostic significance than in the unusual cases 
in which the heart is slow If the alternation clears up on digitalis 
It appears to convev no prognostic implications other than those 
furnished bj the accompany rag chnical features a number of 
interesting cases of this tjpe have been published Wmdie** 

Similarlv the rather common alternation tliat occurs only after 
a prtm iturc contraction appears to be of little liclp in prognosis 
I also have the impression that alternation detectable onlj after 
exercise does not neetssanlj carry ev il prognostic implication 
least I have several times observed such post-cxertional altenia 
tion in jouiig patients with rheumatic heart disease who were m 
fairly good shape and attending school 
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Alternation occurnng only cluntig paroxysmal tadiycardia is 
txinsidcrcd by Jlackenzie and others to be of no considerable 
significance I also observed a man who had readily palpable 
alternation dunng his attacks, but was well in the intervals 
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CHAPTER VI 


THE \^EiVOUS PRESSURE .VND PULSE 

Two hundred jcars ago, Stephen Hales®* measured the \enou3 
pressure* in tlie horse and sheep by inserting a glass tube into the 
jugular \eia and observ’ing the height to which the blood rises, a 
metho<l in use today. The \eiious engoi^ement that often enables 
the detection of an ijisufficient heart at the first glance has been 
familiar to clinicians for over two centuries. The measurement of 
\enous pressure in the ex'periniental animal and the obserxation of 
engorgc<l veins in Ijeart disease are tiius ver>' old Xevertbelcss, 
until recent jears comparativcl.v little attention was paid to the 
quantitative investigation of changes in venous pressure in circula- 
torj* disease. This neglect was largclj the result of the prevalent 
conception that the veins function as passive conducting tubes 
and that changes in the blood content of the veins and the venous 
pressure are merely the reflection of alternations in the activity of 
the other organs of circulation. From this point of view, beginning 
at the end of the last centuiy, graphic methods were applied to 
the study of the venous pulse, from which most of our knowledge of 
cardiac atrlijthinia originated. But the measurement of tlie abso- 
lute height of the venous pressure was not considered of signifi- 
cance for the clinicians Realization of the clinical importance of 
the venous pressure had to await the demonstration b> Henderson, 
Starling, and other ph.vsiologists of the active r6le of the venous 
return to the heart in the regulation of the circulation. (See Chap- 
ter XVIII ) Since then, the v cnous pressure has been studied under 
various pathological circumstances and much information of value 
at the bedside acquired Comprehensive monographs on venous 
pressure in disease have been published bj Ejster,‘® Villaret, Saint- 
Girons and Justin-Besanfon,‘®and Pogany.** 

* Tho term venous pressure will bo used m (he folloiiinj{ to conooto the pressure 
in the penphere] tributaries of (he >riuB rais the only lenous pressure that is 
measured by the elinieian tisualiy, the pressure is measured in the aatocubiUd 
>cin, exeeptionally, when mediastioai or abdominal pressure is suspected, in tho 
femoral \em It is unfortunate that no method is available for tho elmical measure- 
ment of tho pressures in the pulmonary and portal circuila Kecently. Staudacher** 
has attempted to measure the pressure in the left auricle, which would orient us 
coneerning tho pressure in tho pulmonary veins Uis technic consists in the intro- 
duction of Frank capsules mto the csopbaipu at the level of the left auricle and the 
measurement of the pressure by osnliometry Ho found an average left auricular 
pressure in health of 25 to 35 mm erf water Tho left auricular pressure was elev ated 
to GO or 70 mm of water in a patient with arterial bj’pcrtension and one with aortic 
stenosis There was alight elevation of pressure in an instance of mitral stenosis 
and more in a case of mitral regurgitation, but none m an individual with aortic 
regurgitation 
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The great importance of the venous pressure for clinical medicine 
arises from tlie fact tliat Me txnous return to the he trl w the xmacdiate 
dcUruinant of the tolurno of areulation t c of the cardiac output 
bmcc the heart functions as a force pump the cardiac output is 
{Ictcnnmcd by tlie volume of blood forced into the right auncle 
bi the pressure at the mouths of the vena, cav-e die heart cannot 
compensate for low venous pressure and consec\ueat small venous 
return bj actively aspirating blooil from the great veins as nould 
a suction pump In other words the heart cannot discliarge more 
blood per minute than the veins actively force into it diminution 
in venous return entails corresponding fall in volume of circulation 
On the other hand increase m venous return if the heart is func- 
tionallv competent results m correspondingly heiglitencd output 
It has been seen above that this accommodation to greater venous 
return is accomplished (I) tlirough increased output per stroke 
resulting from larger diastolic filling and (2) through acceleration in 
rate which the augmented venous return perhaps mitiates through 
the greater pressure m the great veins and lieart (Bambndge reflex) 

THE REGULATION OP THE VENOUS PRESSURE 

Before proceeding to the discussion of the normal venous pressure 
Its measurement and its aberrations in individual diseases a brief 
general discussion of the factors concerned m the regulation of the 
venous pressure nn> not be amiss These ina> be considered m 
five general categories 

1 The rate of entry of blood into the v ems 

2 The tone of the veins 

1 The circulating blood volume 

4 llie extravasc^ar aids to venous flow 

3 Ihe activitj of the heart 

The Rate of Entry of Blood Into the Veins —The tension under 
whicli the blood enters tlie venules is the remnant of the pressure 
due to ventricular sj stole tJiat remains after overcoming the fric 
tional resistance in the arteries an 1 capillaries Landis** found that 
in the V cnous limb of the capillaries at the base of tlie finger nail 
(supported at the level of the suprasternal notch) the pressure 
averages alwut 15 cm of water Ihia is tlie pressiue under which 
the blood enters the venules on the dorsum of the finger possibly 
of course tlie initial venous pressure differs m other parts of the 
bodj although it is probablj of the same order of magnitude 
Dilatation of tlie arterioles or capillaries elevates the tension under 
whicli the blood enters the venules of the territory in question 
while arteriolar or capillary constriction diminishes the initial ven 
ous pressure Tins is illustrated by the observations of Lewis and 
Hajnal « who found that when va^datation is produced by heat 
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the pressure in the ^enuJes may exceed 100 cm of water, tliej also 
obscrvefi rise m the venular pressure to about 80 cm of water fol- 
lowing the application of histamine Contrariwise Landis found 
that when the minute \esscls arc constricted by cold, the pressure 
in the \enulcs falls Similar obsenations have been made with 
amjl nitrite and other drugs that alter the caliber of the arterioles 
and capillaries iMore rapid entry of blood into the venules as a 
result of pcnphenl vasodilatation doubtless plajs a part in the 
increased v enous pressure in the large v eins during exercise, although 
the mam factors are the massaging action of the contracting skeletal 
muscles and the displacement of blood into the extremities from the 
splanchnic region 

Accelerated entry of blood into the veins is of little significance 
m causing elevation of the general venous pressure in disease It 
IS true that Boas* has demonstrated that the so-called capillary 
pulse in aortic regurgitation is really due to pulsation m the v cnules, 
but tins does not prove that the pressure in the venules is increased, 
the pulsation of the blood stream m the v cnules ma> be due entirely 
to a diastolic fall in the venular pressure The venous pressure as 
measured in the antecubital veins is not generally elevated in 
compensated aortic regurgitation In Craves disease fever and 
anemia the tnmutc volume of blood entering the veins is increased, 
but this 13 balanced b} a corresponding elevation m the work of 
the heart so that the venous pressure remains unaltered as long 
as the heart is functionall> competent 

Contrariwise diminished cntr> of blood into tlie veins tends to 
lower the venous pressure llius Pogan> \ illaret,*® and others 
have reported low v enous pressure m some cases of acute glomerulo- 
nephritis which tlie> attribute to the constriction of the peripheral 
vessels that produces the high blood pressure In support of this 
view, Poganv found that in such cases moderate degrees of heat 
msufllcicnt to influence the venous pressure m health, elevated the 
latter In cardiac failure the diminished m o (ergo may result m 
less blood entering the veins from the capillaries per unit of time, 
but this factor is usuallv far more tlian counterbalanced bj the 
e\cva\ion m pressore vn the venm eavas due to the inadequate 
emptying of the heart so that characteristically the venous pres- 
sure rises In peripheral circulatoiy failure the low venous pressure 
is due to diminution in circulating blood volume, one of the effects 
of which IS a decrease in the volume of blood entenng the veins 

The Tone of the Terns — Ihe veins possess a muscular coat, 
V ariations m tlie tone of which determine the caliber of tlie v essel 
Investigations of recent jears have shown that such changes m the 
tone of the veins cither generalized or limited to veins of special 
areas are among the most important means of control of the v enous 
return to the heart and tliercfore of the v olume of circulation The 
7 
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tone of the veins is regulated by physical, chemical and nervous 
mechanisms, tlie point of attadv of the latter may be either central 
or peripheral 

The chemical control of the veins has been extensively investi- 
gated Details will be found in the extensive review of Pogany,** 
and m the studies of Donegan“ and Lewis ” The following are 
some of the most important results from the point of view of the 
relation of the tone of the veins to the regulation of the circulation 
as a whole Lpiucphnn is a powerful venoconstrictor, exercising 
this action along the entire course of the veins (See page 66 for 
exception ) On tiic other hand, while histamine constricts at least 
many of the larger veins (notably in the liver, see page 66), it 
dilutes tlie venules (Dale and Richards,” Dale and Laidlaw,” 
Lewns”) to a varying degree in different territories Pitmtrm con- 
stricts the veins In some regions acetyl choline has a similar 
action, although Courlaiid and Kahanc” have observed dilatation 
of tlie retinal vein Tlie studies of Donegan,” Beckmann,^ and 
Gollwitzer-Mcier and Bohn” have shown that the tone of the 
V ema is affected by asphyxia, the administration of carbon dioxide, 
and changes m hydrogeu-ion concentration m general Increase m 
bydrogen-ion concentration constricts most v ems by local action, 
altliougb Beckmann found that the mesenteric veins are not affected 
According to tlic observations of Beckmann, this vcnoconstriction 
IS produced by very smill increases in hydrogen-ion concentration 
within the physiological limits of acidity, and is doubtless of much 
significaucc in the regulation of the circulation 

Ihc nervous control of the tone of the veins has also been subject 
to mudi study Thompson** long ago showed that stimulation of 
the sympathetic constricts the superficial veins Donegan found 
that reflex vasoconstriction follows stimulation of the sciatic nerve 
Gollwitzcr-hleicr and Bohn showed that increase m the carbon 
dioxide content of tlie blood produces vasoconstriction through the 
medium of the venomotor nerves which are included m the sym- 
pathetic fibers It seems likely tliat this effect is due to changes 
in the acidity of the blood fiowing through the vasomotor centers 
Gollwitzcr-Meier"* and Ileiscli** have found that a fall m blood 
pressure within the carotid sinus induces constriction of the veins, 
while a rise in carotid smus pressure dilates the veins From these 
different observ ations it is obvious that as one would anticipate, 
the central control of the arteries and veins is closely coordinated 
In the past, clinicians hav e concentrated their attention too nar- 
rowly and exclusively on the vasomotor control of the arteries 
How e\ er, the regulation of the venous return to the heart is of equal 
significance for the problem of the pathological physiology of the 
circulation, a fact which is bemg more and more appreciated since 
the pioneer studies of Henderson** on the venopressor mechanism 
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Vasomotor changes m the artcncs and veins complement one 
another, as \\ell as the activities of the heart and capillaries, so that 
the circulation may function efficiently m meeting the ever- varying 
demands of metabolism, and it is probable that the necessary cor- 
relations are accomplished to a considerable extent through the 
intermediacy of the central nervous sjstem \Nhether or not there 
are anatomically distinct arteriomotor, venomotor and capUlaro- 
motor centers is a problem that awaits solution 

Changes in the tone of the veins play their part in the regulation 
of the circulation m two wajs (1) By altering the resistance to 
blood flow through the veins, and (2) by varjing the capacity and 
consequently the blood content of the veins The great importance 
of tins differentiation between resistance and capacity m elucidatmg 
the significance of venomotor changes has been especially empha- 
sized by Hess ** 

Changes m Venous Resistance —In general the resistance to blood 
flow along the v cins is but slight w hen compared to that encountered 
in the arterial tree This is indicated by the fact that the pressure 
m the venules is only of the order of 15 cm of water, which suffices 
with the aid of respiration and the contraction of the skeletal 
muscles, to return the blood to the heart In fact, this small initial 
pressure is per sc adequate to bring the blood back to the heart, 
for the circulation continues when respiratorj aid is practically 
eliminated by opening tlic thorax and maintaining artificial respira- 
tion, and muscular contractions are prevented b> the administration 
of curare The pressure gradient from the capillaries to the heart 
13 only about one-sixth of that from the heart to the capillaries 
The anatomical explanation of this small resistance to blood flow 
along the veins is of course that the cross-section of the venous 
tree is much greater than that of the arterial tree at a corresponding 
level Hess points out tliat as a result of the large cross-section of 
the V eins, considerable degrees of v enous dilatation or constriction 
result in comparatively slight changes m resistance to blood flow * 
However, as will be seen on page 101, the corresponding changes in 
capacity of the v ems are of great significance The state of affairs 
m the vems, as Hess points out, is quite the opposite of that m the 
arteries, which have a relatively small cross-section and whose 
important role m tlie regulation of the circulation is performed 
through alterations m resistance and not m capacity 

Localized Venous Throttle Mechanisms —In the foregoing it has 
been seen tliat generalized alteration m resistance to blood flow 

* It la possible that this does not apply to tbe pulmonary circuit and that the 
pulmonary venules play an important pari in regulating the resistance to blood Sow 
through the lesser circulation Mautner and Pick*’ and Luisada** have found that 
histamine and peptone constrict the pulmonary venules which indicates the possi 
bility that this mechanism may be concerned in the pulmonary phenomena of the 
allergic reaction 
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along the \cms is not of pnmarj importance for the regulation of 
the volume of circulation Oii the olhir liaiiil recent work has 
shown tlmt changes m the resistance to Mood flow b> the veins 
draining vuhttdval vascular temtorics as % result of dilatation or 
constriction arc of the utmost significance for the regulation of the 
circuhtion Such variations in the tone of the veins enables them 
to exert a tlirottle-Iike action which controls the volume of blood 
poiirtnl into the general venous circulation from the territory in 
question 1‘crhaps the most important oI such local venous throttle 
niecliamsma is that of the hepatic veins, which is discussed in 
detail on page b5 By constriction of the hepatic veins— according 
to Dale’ and his associates close to the caval orifices— blood is 
dammc'd back into the liver and portal radicals Because of the 
capacity of the vascular terriloo draining into the hepatic veins, 
a very consnkrabie portion of the total blood volume can be held 
back from the general circulation Ihis serves to dimmish the 
pressure in the other tnlmtancs of the vciite cavie and to lessen tJic 
\cnov\3 return to the right heart, with consequent diminution m 
cardiac output 'Ihe iiipatic throttle mechanism functions in 
some forms of experimental shock in animals, but vvhetlier this also 
occurs in humans remains to be detenmned (page 67) It is 
possible, but not proven, that the mechanism also operates m some 
instances of right heart failure in vvliicli the liver is greatly swollen 
with but little nsc in venous pressure On the oUier Iiand, the 
opening of the hepatic vein throttle tends to increase the venous 
pressure and the return to tlie right heart This mechanism presum- 
ablj IS brought into play m accelerating the circulation during 
exercise for Dale and his co-norkers have shown that epincphrm 
relaxes the hepatic veins (page Cb) 

A similar throttle mechanism has been described b\ Pogany“ m 
the veins of the skin He observed m some eases of nglit heart 
failure that the larger veins on the back of the hand were visibly 
and palpablj contracted, and that this contraction could be relaxed 
b> applicationofwannwatertotheextremitj with this relaxation, 
the pressure in tlie veins m question fell Inasmuch as the venules 
of the subpapillaij plexuses of the skm were distended with blood, 
Pogany considers that the combination of contracted veins and 
distended venules forms a throttle mechanism analogous to that 
of the liver When the veins are contracted, blood is retained m 
the V enules of the skm and thus kept from returning to tlie heart, 
while when the veins relax, the venous return to the heart is in- 
creased In view of tlie enormous capacity of tJie subpapillaiy 
venous plexuses, which function as blocrf reservoirs (page 64), the 
throttle meclianism resulting from the constriction or dilatation of 
the larger veins of the skm may be of considerable importance m 
die regulation of the v enous return to Uie heart and consequently 
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of the cardiac output. The fact that Pogany was able to demon- 
strate the contraction of the large veins of the skin, especially in 
association with right heart failure, may indicate that the mechanism 
is called into play to protect the weakened right heart from the 
inflow of a larger volume of blood than it b able to master. 

Associated with the action of venous throttle mechanisms, there 
may also be a synergistic alteration in the capacity of the capillaries 
and venules of the affected area. Thus, in right heart failure 
the contraction of the larger veins of tlie upper extremity was 
found by Pogany to be associated with dilatation of the subpapillary 
venules so that, functionally speaking, a blood reservoir was formed. 
The same principle is illustrated in the effects of histamine and 
epinephrin on the vessels of the liver. Histamine constricts the 
larger hepatic veins and dilates the minute vessels of the liver. 
Obviously, these two actions supplement one another in retaining 
blood in the liver and diminishing the return to the right heart. 
On the other hand, epinephrin relaxes the large hepatic veins and 
constricts the small vessels, thus forcing blood out of the liver and 
increasing the return to the right heart. 

Changes in the Capacity ot the Veins.— The capacity of the veins 
is much greater than that of the arteries. It is Immediately obvious 
that the cross-section of the two venie cava? plus the coronary sinus 
at their openings into the heart is much greater than that of the 
root of the aorta. Peripherally, the disproportion between arterial 
and venous capacity is even greater. The result of this largo 
capacity of the veins, especially the venules, for the pathological 
physiology of the circulation lies in the fact that if an unusually 
great proportion of the venules is relaxed or the forces which return 
blood from the venules to the heart become impaired, a large por- 
tion of the total blood volume is pooled in the venules. The conse- 
quence is lowering of the pressure in the large veins and diminished 
venous return to the heart with equal drop in cardiac output and 
depression of arterial pressure. On the otlier hand, constriction of 
the venules must lead to displacement of blood into the large veins 
and resultant increase in tlic venous return to the lieart with 
acceleration of the circulation. 

Such variations in the capacity of the venules may result either 
from changes in the tone of the venules themselves or from the 
influence of external forces acting on these small vessels. Gollvvitxer- 
Meier^ has shown that increase in the carbon dioxide content of 
the blood results in contraction of the veins through its action on 
the vasomotor center, and that this venous contraction is accom- 
panied by acceleration of the circulation. Of the extrinsic factors 
affecting tlic capacity of the veins, contraction of the skeletal muscles 
is perhaps the most important. Henderson is of tlie opinion that 
the low venous pressure in shock b due largely to decreased tone of 
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tlie skeletal muscles wluch diminislies pressure on the venules and 
tlius mcrcises their capacity, with resultant stagnation of blood 
njtbm them (page 628) During muscular exercise, tlie opposite is 
true, contraction of the skeletal muscles squeezes out the venules 
and the pressure m the large veins is elevated with resuJtaut increase 
of the venous return to the heart and speeding up of the circulation 
It 13 a matter of e\ erj day observation that clendung the fist during 
venepuncture causes the blood to spurt from the ni^le, this is due 
to the squcc/uig out of the veins, tlie valves directing the blood 
centrally Mall** long ago observed tliat the contractions of the 
intestine similarly squeeze out the intestinal veins 
The Circulating Blood Volume —Increase or decrease of tlie 
circulating blood volume tends to induce parallel changes of the 
pressure in the* iicripheral veins m winch chmeal measurements are 
carried out lion ever, this teiidtiicy is opposed by a number of 
comiKiisatoi^ niccliamsins at the disposal of the organism, vvitli 
the result that in health the circulating blood volume and the v cnous 
pressure rapidly return to their previous level following the trans- 
fusion or Venesection of even considerable volumes BayJiss and 
Starling* found that the marked rise in venous pressure vrlut^ follows 
tlio rapid introduction of 500 cc of ph) siological salt solution is of 
but brief duration Similarly, Meek and Eystcr*’ detennmed m 
dogs that the increase in diastolic heart size and venous pressure 
induced by the intravenous injection of acacia saline, physiological 
aalinc or blood in quantities varying from 25 to 103 per cent of the 
total blood V olumc is of but limited duration In humans, VUiarct** 
noted no change m venous pressure following the slow intravenous 
administration of 500 to 1000 cc of scrum or diluted neoarsphena- 
mine In tlie observations of Caughey, Richards*^ and their asso- 
aates tlie intravenous administration of 1500 cc of physiological 
saline at a rate of 50 cc per minute produced little change in the 
venous pressure of the normal person Likewise, the removal of 
coinparativ ely large v oluines of blood does not long affect the v enous 
pressure when the circulatory apparatus is healthy Plumier** 
found that seven minutes after the abstraction of 750 cc, of blood 
from a dog weighing 30 kg , the venous pressure had returned to its 
previous level In man Eyster and Middleton'* showed that the 
remov al of 10 per cent of tlve circulating blood volume has no more 
than a transitory effect on the venous pressure the arterial pressure 
and the cardiac output ViJIaret®* and Ins collaborators observed 
no change m venous pressure as a result of venesection of 300 cc 
earned out for purpose of transfusion 
Doubtless, a number of mechanisms participate m the mainte- 
nance of the approxixn ate constaniy of the circulating blood volume 
and the venous pressure Perhaps the most rapid of these is the 
displacement of blood from the rapid circulation into the depots 
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(spleen, h\ er, subpapillary plexuses of the skin, etc ) or vtce versa, 
as the occasion calls for Another important mechanism is tlie 
transudation of fluid from the blood stream into the tissues, or tlie 
reverse, which often occurs with remarkable rapidity Probably, 
also, the state of contraction of the veins is adapted to the blood 
volume and thus plays a part m maintaining the venous pressure, 
following hemorrhage, the superficul veins seem contracted while 
in patients with polycjthemia they often appear dilated Similar 
observations can often be made m the retina 

Even in instances in w hich the circulating blood v olume is greatly 
altered by disease, as long as the organs of circulation are function- 
ally efficient they ma> be able to adapt themselves to the changed 
blood content and mamtam the venous pressure at the usual level 
This 13 often strikingly illustrated in polycythemia vera Ihus, m 
a recent case, despite tlie prodigious circulating blood volume of 
200 cc per kilogram of body weight, the venous pressure was 4 5 cm 
of water 

Of course, there are limits of change of blood volume beyond 
which the compensatory mechanisms no longer succeed in mam- 
taming the venous pressure even though the vascular system was 
previously normal This is particularly the case if the change m 
blood volume transpires very rapidly Ihus following great Iicmor- 
rhages {e g , m peptic ulcer) it is common for tlie veins of the upper 
extremity to be so empty that tliere is almost no pressure within 
them and it is necessary to cut down on the vtm to perform a 
transfusion 

In circulatory disease, the regulatory mechanisms often do not 
function as efficiently as m health, with the result tJiat botli cir- 
culating blood volume and venous pressure may deviate from tJie 
nonnal The detailed studies of Brandt* have shown that m 
general, venous pressure and circulating blood volume undergo 
parallel changes He found this true in various forms of circulatory 
insufficiency as well as when Uic blood volume is altered by the 
administration of epmephnn and other agents In insufficiency of 
the right heart, both blood volume and venous pressure are gener- 
ally elev ated, although tliere is no close proportionality Contrary 
to their observations in health (page 102), Caughey, Richards and 
their co-workers found tliat in patients with lieart failure the slow 
intrav enous administration of salt solution produces a pronounced 
elevation of venous pressure And further in such patients, con- 
trary to what occurs m healtli, venesection generally produces a 
marked fall in both circulating blood volume and venous pressure 
In right heart failure, venesection of 500 cc is not uncommonly 
followed by a fall of 10 or even 15 cm m venous pressure In other 
cases, the drop is but small, but is rarely absent if the initial v enous 
pressure was considerably elevated Moreover, the depression of 
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tlic venous pressure may 1 ist a considcnbJc time or indcfinitclj if 
the patient unj)ro\es Contrarittise m ptnphtral circulatory failure 
(shock) both circulating bJootl aolunic and \enous pressure are 
depressed and \ Jar(,c blood transfusion may be followed by a 
marked rise m %cnou3 pressure which is usually not the case m 
the absence of tireul itorv failure Ueccntly, m such a patient a 
transfusion of (jQQ cc rcsuUeil in a rise of s eiious pressure to b 5 cm 
from a pressure so low that it toul 1 not be measured by tlie direct 
method 

An cxeeption to the general parallettsm of venous pressure and 
circulating blood volume in circulatory failure is encountered m 
isolated msuflieitncy of the left heart In sucli patients I Jiave 
repeatedly obser\c<l increase in cireuUtmg blood volume despite 
normal venous pressure the suriilus hIoo<l is evidently in the lungs 

Respiration and Other Gxtravascular Aids to Venous Return — 
Because mans of the veins aix ciiuippcd vsith \ tls es extras ascular 
forces which compress the veins must aul tiie prepay, ition of blood 
toward the heart Die eliitf inccliamsms svhicJi function in this 
manner arc tiic contraction of the skelctil and intestinal muscles 
and the respiratory moveiuents Ihc significance of the octisity of 
the skeletal muscle m manitaiiiiiig the venous pressure has already 
been considered It ssas pointed out that the posscrful muscular 
contractions during cvcreisc phv an important part m ciesatmg 
V cnous pressure indeed there arc observations in ssinch muscular 
contraction caused tlic pressure in induiJud seins to mccecd the 
arterial tension 

Bespuatiou and the Venous Return — Titc udlucnce of respiratory 
activity in maintaining the pressure in the scins and favoring the 
V enous return to tlic heart is v erv e msukrable In fact Lppinger’* 
and his associates cstionte tJiat between 6 and 2o per cent of the 
total volume of circulation is to be attributed to tiie activity of the 

respiratory pump d lie signihcante of respiration for the v enous 
llovv 13 shown bs the proiiounecd foil in venous pressure mvluccil 
by hvperventihtion (iJcdfonI and Uright * Henderson Prince and 
Ilagganl •) and the rise tint occurs during the apncic phase of 
Cliey ne-Stokes breathing (Meyer md Middleton”) or prolonged 
holding tlie breath 

The respirators movements iid the circuhtion mechanically 
through fav ormg the v enous return to the right heart and perhaps 
also hy facilitating blood flov through the lungs although the 
significance of the latter factor is still ilouhtful (See page 537 ) 
It 13 also possible that v ilrntions m the carbon dioxide md hy drogen 
ion contents of the blood due to changes m re'-pintion affect the 
venous (low and pressure 

Significance of the latrathoracic Pressure lor Venous Flow —The 
venous return to the right heart la aided by the negative pressure 
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prevailing \Mthin the thorax as a result of the elastic pull of the 
Jungs on the chest uall and incdiastuiutn Ihe negate e pressure is 
greater dunng inspiration and less during expiration, a\eraging 
about —0 cm of uater Because of this negative intrathoracic 
pressure, the “ effectiv e pressure,” as Henderson termed the filling 
pressure with which the right ’luricle is distended during diastole, 
IS higher than the pressure m the great veins referred to atmos- 
pheric pressure Ohv lously, tJic effeetiv e pressure equals the differ- 
ence between the pressure at the mouths of the \enai cavtc and 
tile pressure exerted b\ the lungs on the outside of tlie right auricle 
both pressures being referred to atmospheric pressure So that 
if the pressure in the veii'e cavic averages I cm of water referred 
to atmospheric pressure (t e , as ordinanlv measured w ith a man- 
ometer) while there is a negative intrathoracic pressure of — G cm 
of water, the effective pressure of the blood entering the right 
“luncle IS 7 cm of water Actually, the pressure in the great veins 
IS generalij close to zero and maj even be negative but the greater 
negativity of the intrathoracic pressure results m an effective pres- 
sure being exerted, so that the heart is filled 
From the all important point of view of tile filling of the heart, 
the significant venous pressure is not that referred to atmospheric 
pressure which wc measure, but the effective pressure as just 
defined, t e , the pressure in the veins referred to that existing in 
the thorax as a base If the mtratJioracic pressure is elevated it is 
obviously essential that the venous pressure be correspondingly 
augmented m order that the effective venous pressure and conse- 
quentlj the filling of the heart be maintained Kroet?“ found that 
when he increased the intrathoracic pressure (i e diminished the 
negative pressure) by introducing air into the pleural cavitj, the 
venous pressure measured m tJic arm ruse cxactiv as mucli as the 
intrathoracic pressure ascended hen the intrathoracic pressure 
IS elevated bj forced expiration with closed glottis (\afsalva experi- 
ment) the venous pressure mounts to great heights On the other 
hand, depression of the intrathoracic pressure h^ forced mspiratiou 
with closed glottis (Mueller experiment) results in fall m venous 
pressure Similarlj, Kroetz observed low venous pressure as a 
result of depressed mean intrathoracic tension due to extensive 
pleural adhesions which increased the inspiratorj traction on the 
lungs Increased intrapleural pressure m emplijscma due to the 
diminution m tlie elastic traction of the lungs ma^ result ui high 
venous pressure m the absence of heart failure (page 535) Fleva- 
tion of intrapleural pressure also plavs a part in tlie genesis of the 
augmented venous pressure that max result from extensive accu- 
inuhtion of fluid or air in the pleura, but other factors, notabb 
displaexuncnt of the mediastinum with kmking of the veins and 
direct pressure of the fluid or air on the sufjcnor vena cava are 
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generally more significant It is important to bear in mmd that 
increase in venous pressure can be due to these ineclianical extra- 
\ ascular factors and does not necessarily imply m> ocardial v\ eakness 

Influence of Respiratory Phases on Venous Retvun —The conse- 
quences of the alternation of inspiration and expiration for the 
\enoU3 flow are complex and not entirely understood, they are 
alfcctcd by whetlicr the breathing is predominantly costal or dia- 
phragmatic According to Krogh and Lindhard,” tlie costal type 
of breathing tends to mcreasc cardiac output, wliile respiration of 
abdominal type lowers the minute \olume, this difference is m 
all probability largely tlie consequence of corrc'.porulmg alterations 
in \ CHOUS return to the heart The decreased intrathoracic pres- 
sure during inspiration favors the venous return from the superior 
\ena ca\a tlirough augmented thoracic aspiration, so that with 
cacli inspiration a wa\e of negative pressure travels peripherally 
along tlie veins of the upper extremity (Burton Opitz*) The 
tlioracic aspiration during inspiration also affects the inferior vena 
cava, but here the effects of greater mtra abdominal tension due to 
the descent of the diaphragm appear to be quantitatively more 
important 'Ihc inspiratory descent of the diaphragm increases 
mtra abdominal tension, which serves to squeeze bloi^ out of the 
liver and jiortal tributaries into the inferior vena cava and thus 
augments the v enous return (See page 65 ) On the other hand, 
the compression of tlie inferior vena cava by the greater mtra- 
abdominal tension hinders tlic venous return from the lower extremi- 
ties during mspiration In man, though perliaps not in all experi- 
mental animals this factor appears to be more significant than the 
transmission of the greater tlioracic aspiration during inspiration 
The result 13 that m humans— as Mosso long ago showed by his 
ingenious balance method (page 175 )— the venous return from the 
lower extremities is impeded dunng inspiration, and blood accu- 
mulates there during this phase of respiration 

The usual effect of inspiration is thus to increase the venous 
return from the superior v ena cava and portal vein but to dimmisli 
that from the low cr extremities Since the volume of blood emanat- 
ing from the superior vena cava and portal vein together* is, at 
ieait under most oondjDtm, greater than that Xrom the Jower 
extremities, it would seem that the venous return to the heart 
must generally be greater dunng inspiration 

Another way in which the respiratory movements affect the cir- 
culation 13 through inspiratory dilatation of the heart, especially 
the thin walled auricles, as a result of the lowenng of intrathoracic 

• Accord ng to tha invesligatloa* of Grab Janssen and Hem * with the Thermo- 
stromuhr between 50 and 73 per cent of the total return from the inferior » ena cava 
come* from tha portal vein Of course tluat>roportion must vary greatly w thdeca- 
Uve and other activities and is doubtleaa also altered under patholog col condiiiona 
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pressure The consequent increased filling of the heart during 
inspiration induces, in accord with Starling’s law of the heart, a 
more powerful systole 

Respuatory Undulations m Venous Pressure —Despite these various 
effects of respiration on the \eiiou3 flow, respiratory fluctuations m 
venous pressure are generallj not appreciable when the measure- 
ment IS carried out by tlie common clinical methods on a subject 
who IS breathing as usual The reason for this is that the undula- 
tions arc damped by the great inertia of the blood column from the 
heart to the antecubital vein plus that of the manometne system 
If very sensitive apparatus is used, the respiratory variations in 
pressure in the antecubital vein can be graphically recorded (See 
Kendrew “) Using the hloritz-Tabora method (page 113) and fine 
needles, Kroetz“ did not observe respirator} undulations, nliile 
with needles of 0 8 mm bore, the maximum respirator} excursions 
were 04 cm of water, being generally under 0 2 cm He found 
that even respiration of maximum depth m muscular men did not 
occasion respiratory excursions in venous pressure of more tlian 
0 8 cm Kroetz observ ed well marked respiratory excursions in 
venous pressure (up to 25 cm) only m individuals with a rigid 
thorax, either with extensive pleural adhesions or with tenacious 
exudate in the bronchi— conditions which occasion abnormally 
great variations m mtrathoracic pressure dunng each respiratory 
cycle Similar observations of well-marked respiratory variations 
m venous pressure were made by Buerger* m emphysema and 
bronchial asthma The changes m venous pressure during Cheyne- 
Stokes breatliing have already been mentioned 

The Activity of the Heart — Ihe output of the heart is largely 
determined by the diastolic filling, which is m turn dependent on 
V cnous pressure If v enous pressure is elevated, the greater diastolic 
filling of the heart results m increased systolic discharge, the effect 
of which 13 to deplete the veins more thoroughly and thus tend to 
lower venous pressure The reflex acceleration of the heart by 
increased pressure within the veins and heart (Bainbridge reflex) 
works m the same direction The result is that uithin quite ivide 
limxte of tenoue return ihe functionally competent heart maintains 
ihe tenous pressure at a constant level 

On the other hand, decrease m the output of the nght ventricle 
entails accumulation of blood m the s}Stemic veins and tendency 
to increased venous pressure This is well illustrated by the effects 
of vagus stimulation m the experimental animal, m which the slow- 
ing and decreased output of the heart are accompanied by fall m 
artenal and rise in venous pressure That decrease m the output 
of the human heart due to disease likewise causes rise in venous 
pressure will be discussed m the next section In fact, there is 
every reason to believe that m the evolution of right heart failure. 
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incrcise m systemic \tnoiis pressure may precede diniiriution in 
the output of tht. right \cntncle For higlitr ncdous pressure 
entails greater diastolic filling of the right ventricle and, according 
to Starling s law of tlie heart, a more powerful sistole of the cham- 
ber, so tint Its output may he maintamcd despite die functional 
mipurnient 

It lias long boeu known that even in health the increased venous 
return during xigorous cxtriisc elevates venous pressure and 
'letelbauiii^* and ins assoeutes Jiavc found that in heart failure, as 
w ould be anficipatcil, this rii>e is greater and more protracted 
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Figuritively ‘Speaking the systemic veins maj be rcgardeal as a 
reservoir vvliieh is fillcil from the j>cnpherv and emptied b> the 
t 4 irdiuc pump The \ euous pressure affords a measure of die filling 
of the reservoir at wliich the suppl> of blood from the capillaries 
and the removal of blood b> the right heart art m dynamic equilib- 
rium If the periphcnl vessels allow little blood to pass into the 
large veins the level of the reservoir and with it the venous pressure 
IS loiv, while if the right heart is insufiicicnt the reservoir fills and 
the vinous pressure rises 

Accordingly, apart from mechanical me'diostmal obstruction, 
eUcationof tlieicnouj pre.iaureabote the normal Icspcala heart failuret 
u/iih peripheral failure icn<h to loucr the renoua pcasure 
Detcriiun ition of the venous pressure thus often enables the 
phvsicnn to determine whether circulatory failure is due to cardiac 
weakness or is pnmanlj tfie result of peripheral circulatorj failure 
'Ihcre are iuan> instances of circulator} failure— notabi} in pneu 
iiionia and other acute infections espeaalJy when die} occur in 
individuals with pre-existent heart disease, m hvpertension with 
cerebral accident, and m arteriosclerotic diabetics with severe 
acidosis— m which the estimation of the venous pressure is of great 
or even indispensable aid in dccidiug whether the circulatory 
derangement is of cardiac or of penpheral origin a decision moiuen 
tous for die therapeutic procedure to be adopted 
It 13 to be borne m mind that botli cardiac and peripheral factors 
may be comeidently concerned m tlic pathogenesis of circulatory 
failure and tlien tend to neutralize the effects of one another on 
the venous pressure This is seen for example, m infections m 
which diere ma> be damage to tlic m}ocardium and coincident 
mjurj to tlie peripheral vessels or operation of otlier mechanisms 
(e g vomiting) tending to lower tlie blood volume 
Other important clinical applications of the measurement of the 
venous pressure are (I) The decnsioa vvhetlicr enlargement of the 
liver ascites or edema of the loner extremities are due to right 
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heart failure, or such conditions as cirrhosis of the h\er, mtra- 
abdoininal neoplasm, or renal disease, which arc not accompanied 
by rise m \tnous pressure, (2) the differentiation whether cyanosis 
and di spnea are due to pulmonary lesions or to right heart failure, 
and (i) following the course of right heart failure 

Failure of the Right Heart — TnsulEciencj of the right side of the 
heart is the cause par excellence of elevated v enous pressure, so much 
so that a pronounced rise in venous pressure— to over 15 cm by 
the direct method— is almost pathognomonic of overstrain of the 
right heart fhc only other causes of such elevation m venous 
pressure are hypodiastolic failure of tlie heart and mechanical com 
pression of the great veins by mcdiistmal masses High venous 
pressure mav develop in any of the diseases m which the right 
heart gives way, whether this be pnraarj as m pulmonary or tri- 
cuspid disease or secondary to failure of the left ventricle m aortic 
mitral or hypertensive disease In all such cases with elevated 
venous pressure the evidence of the failure of the right heart is 
afforded at necropsy by the finding of dilatation of the right ven- 
tricle and luncle 

The venous pressure may rise to great heights in right heart 
failure, figures of over 20 cm arc common 30 cm is not rare and 
over 40 cm has been observed The elevation may occur very 
rapidly I have seen the venous pressure rise m a patient with 
arteriosclerotic heart disease from 7 5 cm in the morning to 24 cm 
in the middle of the afternoon Remarkably enough, however m 
extreme and generally terminal stages of right heart failure the 
venous pressure may fall— apparently as a result of vasoconstric- 
tion in the extremities evoked by the great diminution m cardiac 
output (See page 527 ) 

It is to be emphasized that definite elevation of venous pressure 
above the upper limit of normal is not generally an early sign of 
insufEcicncv of the right heart and may not be demonstrable it any 
time m the lesser degrees ihus in patients with mitral disease 
it IS not rare to encounter a venous pressure of less thin 8 cm 
although the enlargement of the liver and dependent edtma testify 
to the presence of insufficiency of the right side of the heart One 
reason why the venous pressure reading does not constitute a stnsi- 
tivt index of the lesser degrees of right licart failure is our inability 
to determine accurately the level of the right auricle, wlucli forms 
the zero point for the reading the result is that, especially in dcci>- 
cheste'd individuals a measurement which seems within the limits 
of normal is actually abnormally high m relation to the right 
auricle (see page 1 14) as shown by the low er lev el after tlie patient 
has nnprovM Another reason whv the venous pressure reading 
may not unequiv ocally disclose the lesser grades of right heart failure 
13 a consequence of the fact that m healtli tlie v ems arc not com- 
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plctdi Clle<I \\ith blood so tliat many of them are partly collapsed 
The initial accumulation of blood m the veins as a result of right 
heart failure is accommodated by filling out the collapsed veins 
During tins stage, there la httlc nsc in pressure Only after the 
veins arc filled does further accmtiulation of blood rapidly manifest 
itself by rise in pressure because of the comparativ e inelasticity of 
the venous ml) At this stage a comparatively small increment 
m tlie blood content of the veins moy result in marked rise m 
pressure Conv ersclj , the temov al of so small an amount of blo^ 
as dOO cc bj venesection m such patients may depress the venous 
pressure by 10 cm Alorcovcr, when tlio veins arc considerably 
dilated llie increased pressure witlim them it seems probable 
that the valves may become functionally msufficient so that the 
central rise in pressure is better transmitted to the peripheral veins 
The marked enlargement of the mouths of the hepatic veins often 
illustrates stnkmgly how marked tlie dilatation of the veins m 
right heart failure may be In such cases ns Aloschcowitz*^ has 
pointed out phlcboscJcrosis maj develop doubtless as a result of 
the increased venous pressure 

hlorcover, as already mdicitcd (page 100) accumulation of blood 
in the liver and portal tnbutancs m nght heart failure may also 
militate against elevation of peripheral venous pressure Hie 
enlargement of the lucr may precede the rise m venous pressure 
and It IS also common for the hepatic swelling to persist for a long 
time after the venous pressure has returned to norma! The 
mechanism of the enlargement of the liver under these circum 
stances is further discussed in Chapter "W 

In those cases of relatively slight msulBciency of the right heart 
m which the antccubital venous pressure is within the limits of 
normal tlie right sided insufficiency can often be demonstrated by 
the engorgement of the jugular vems and rise m antecubital venous 
pressure that follows compression of the abdomen (page 256) 

It would seem probable that the increased venous pressure m 
right heart failure deleterious though it is in so many wajs also 
serves a compensatory function lor the higher venous pressure 
augments the diastolic fillmg of the heart and this according to 
Starling s law of tlic heart increases the energy of sj stole Through 
the Bambndge reflex (page 295) the increased venous pressure also 
tends to accelerate the heart Both these mechanisms increase the 
effectiveness of the hj'podynamic nght heart ui mamtaming the 
circulation , , , , 

Left Heart Paflure —In typical instances of isolated left heart 
failure the venous pressure is withm normal limits Patients with 
this arculatory syndrome resulting from aortic or mitral valvular 
disease hypertension coronary artenosclerosis or other conditions 
may hav e a \ enous pressure of under 8 cm of water for long penods 
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of time, even several years, despite the presence of dyspnea on 
exertion, paroxysms of cardiac as^ma, and physical signs of intense 
pulmonary engorgement. The venous pressure in left heart failure 
is discussed in more detail in Chapter XXIV. 

Hypodiastolic Failure.—Increase in systemic venous pressure is 
often a striking manifestation of hypodiastolic failure, whether it be 
due to mechanical incarceration of the heart by pericardial effusion 
or adhesive mediastino-pericarditis, or to shortening of diastole in 
excessive tachycardia. Further details are given in Chapter XXX. 

Peripheral Circulatory Failure.— In shock, the systemic venous 
pressure is cliaracteristically depressed (Chapter XXXI). 

Regional Differences in Venous Pressure.— Burwell*® and his 
associates have found the venous pressure of the same order of 
magnitude in the arm and the leg in both health and individuals 
with high venous pressure due to heart failure. On the other hand, 
they and other observers have shown that when intra-abdominal 
pressure is increased by pregnancy or such pathological causes as 
tumors or the ascites of cirrhosis of the liver, the femoral venous 
pressure may be far higher tlian that in the antecubital veins. 
Similarly, mediastinal tumors or aneuiysm may produce a higher 
venous pressure in one arm than in the other or elevate the antc< 
cubital above the femoral venous pressure. Hussey” found the 
venous pressure significantly different in the two arms in 85 per 
cent of patients with aneurysm of the aorta or innominate artery. 

The pressure in the antecubital and external jugular veins is 
about the same in both health and the large majority of patients 
with elevated venous pressure due to heart failure. But in indi- 
viduals with the clinical picture of shock due to sudden onset or 
intensification of severe heart failure, the pressure measured by 
the ascending L-tube method (page 113) in the antecubital veins 
may be much lower than in the veins of the neck; this is presum- 
ably a manifestation of vasoconstriction in the e-xtremities called 
forth by extreme diminution in cardiac output (see page 631). 

THE CUNICAI. MEASUREMENT OF VENOUS PRESSURE 

Three general metliods are in use for the clinical measurement of 
venous pressure: (1) Non-instrumental obseiwation; (2) indirect 
methods; (3) direct methods. 

Non-instrumental Methods.— Gaertner® long ago recommended 
the following simple procedure for the estimation of the venous 
pressure. The patient is comfortably seated; if in bed, he is propped 
up on pillows. The arm is allowed to hang down until the veins 
on the back of the hand are well filled. Then the observer lifts 
the completely relaxed upper extremity until the vein selected for 
observation (usually on the back of the hand) collapses. The 
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Iitight abo\c the upper border of the fifth nb v.hscl\ js t-tken as 
the Ii.\cl of tlic right auricle it winch the Min colljpsts mdicites 
the \u«Mi3 prtbsure Ihe normal lalucs range between 4 and 
10 cm 1 litre arc manj subjects especially obese women and 
chililRii 111 whom the Mins nre not sufficicntlj prominent to render 
the methoil feasible 1 ht same w true in sonic elderly laborers with 
sclerotic and tliuUneHl \cins Vcij often the lieight at winch the 
\uus collapse ismdefmitc I veuwhen the !c\d at which the vein 
collapses seems quite dcfiniU one is often surprised at the discrtpan 
ties with the direct mclhml Nevertheless the method is frequently 
of vulue for rough orientation concerning the venous pressure 
Ia.wis’* h 13 described another non instrument il mcthotl for the 
approxim ite c\ iluation of the venous pressure It is based on the 
oiivcrvation of the height to vvliicb the blood rises in tlie external 
jugular vein which may l>c rtgardcil as a manometer extending 
into the right auricle fn health the upper level of the blood 
exilumn m tlie external jugular vein is m the horizontal plane jiassmg 
through the upper end of tlie manubrium ^\hcn the patient is 
reclitmig Hat this plane coirc-pon Is to about the junction of the 
upper nwl mid<lle thuxU of the neck When the venous pressure 
IS elevated the filling of the external jugular vein extends higher 
an 1 the dev at! mefveuousprcssurcmaj becstiTt)alctU)> measuring 
the rertical distanev between the upper cn 1 of the blood column m 
the extern il jugular v em and the top of the sternum If the v eiious 
pressure is verj high it is ncccssarv that the patient be seated m 
order that the upper end of the blood column can be seen Inspec 
tion of the cervical xctns often enables the recognition of increased 
venous pressure at a single glance an observation tint clinicians 
have been making for generations Ihc method of Lewis often 
gives a valuable approxmiitioii of the venous pressure and is to 
be recommende 1 for preliniinarj orientation in the study of all cases 
of cireuldtoiy disease However there are many individuals m 
whom the anatomical disposition of the veins of the neck or obesity 
render the observation of the cervical veins difficult or impossible 
In some eases it has wienie I to me that contraction of the veins 
rendered them invisible for at otiicr tunes thej could be seen 
rcadilv Here again one is often surprised by discrepancies with 
the direct metliod of measuring venous pressure 

Indirect Methods —These depend on the measurement of the external 
pressure necessary to compress a superficial vein The nietl oda m use at 
present utilize a pi cumatic cJ amber connected \ ith an inflation bulb for 
increasing the pressure and a manometer for measuring it There is a 
transparent wniido v for observing U e pressure at which the vem collapses 
The apparatus of thu tvpe most used in tlis cointry v\as devi«e<l by 
Ejster anotl er has more recently been desenbed by Landis” and I is 
associates Using his apparatus Eyster found that under basal conditions 
the venous pressure m healU y mdniduab is usually between 4 and 6 cm 
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of water The highest pressure observed in hundreds of such persona was 
11 cm , ^vhIch he regards as tlie upper limit of normal 

Though it IS now a good many jears since the induect methods of deter- 
xmning venous pressure were intr^uccd, their use has never become wide- 
spread in clinical medicme It would seem that considerable practice is 
required before one becomes adept in judging the pressure at which the 
vein IS collapsed In obese mdmduaU or those with small superficial 
vems, especially women, the point of collapse of the vein is difficult or 
impossible to determine Moreover, the presence of phlebosclerosis, which 
IS common m elderly mdmduals who have done Jiard manual work, intro- 
duces an error due to the pressure requned to overcome the ngidity of the 
venous wall A similar error may result from hypertonus of the venous 
wall which 13 probably not uncommon m heart failure Tlie quantitative 
significance of such errors due to the venous wall remains to be determmed, 
but it would seem that m comparison to the low mtra\enoa3 tensioa they 
may bo considerable 

Direct Methods —In the direct methods a needle is inserted into 
the lumen of a superficial vein and connected to a manometer 

The direct method was first introduced into clinical medicine 
by Moritz and Tabora “ Their manometne s> stem consists of a 
glass tube connected to an intravenous needle bv rubber tubing 
and an adapter The entire apparatus must be sterile The sys- 
tem IS filled with sterile phvsiological salt solution and the needle 
IS inserted into one of the antccubital veins The fluid runs into 
the vein until the hydrostatic pressure of the fluid column in the 
tube equals the venous pressure The vertical distance in centi- 
meters betw cen the top of the fluid column in the manometer and a 
horizontal plane passing through the right auncle is the venous 
pressure m centimeters of water According to Moritz and Tabora, 
the level of the right auricle m the recumbent position is 5 cm 
beneath the anterior surface of tJic chest at the insertion of the 
fourth rib By tins method Moritz and Tabora found that the 
normal venous pressure ranges between 1 and 0 cm of water, the 
vast majority of the readings are betw ecn -1 and 8 cm A conv enient 
modification of Moritz and Tabora s method has been described by 
Griffith, Chamberlain and Kitchell who use a side arm syringe 

Villaret‘" has substituted an aneroid manometer for the water 
manometer 

Taj lor, Thomas and Schleitcr*^ have greatly simplified the direct 
method for determining the venous pressure I have used their 
metliod with slight modifications since it was published and have 
found it satisfactory The great advantage of the method is its 
extreme simplicity The apparatus consists of an L-tube of 4 mm 
bore, the tip of Uie short limb being ground to fit an intrav enous 
needle, while the long limb is graduated m centuneters The com- 
pletely relaxed upper extremity of the reclining patient is supported 
on a pillow so that the flexor surface of tJie bend of the elbow is 
at the lev el of the cav al openings m the right auricle, t e , 5 cm 
8 
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btntath tbc anterior diest wall at tlie insertion of tlie fourth rib 
llic iniportance of coinjjJtte muscular relaxation of the extreinitj is 
worthj of rcsltrttion Ihc needle and manometne tube arc stcril 
izcil It IS well to mil a little sterile anticoagulant (10 per cent 
soiliuin citrate) solution through the tube and needle just before 
use The skin is prepared for \cncpuntture A blood pressure 
culF 13 mflatcil around the arm to about -10 ram of mcrcurj The 
needle is attaclicil to the manometer and inserted well into the 
\ eii) Vs soon ns blood enters Uie tube the cuff is released The 
tube 13 held Ntrticnlly and the blood is allmvcd to mount until it 
reaches a stationary level After noting this level it is well to 
toiiiprtss the anil, winch causes a further rise m Uie blood column 
and thus verifies tlie patent^ of the system A further check can 
be obtained by allowing the blood to tlow back into the vcm and 
noting tlie level at which it becomes stationary 

If desired, and as a further clieck, the tube can be used for the 
Moritz Tabora method by filling it with sterile physiological salt or 
sodimn citrate solution and allowmg llic fluid to run into the vein 
until stoppcil by the venous pressure, the height of the fluid column 
then gives the venous pressure 

I have found the method of Taylor, Thomas and Schleiter 
adequate for general clinical use It combines the theoretical 
advontages of the direct mctlidd with extreme simplicity, the 
apparatus can be readily fadnoned at negligible expense 

Normal Values of the Venous Pressure by the Duect Method -> 
Using tlie L-tube method, and a zero point 5 cm posterior to the 
fourth codtochomlral junction the normal venous pressure is less 
than 10 cm of water In the large majority of individuals the 
pressure is between 3 and 8 cm However, it is not rare m healthy 
persons to obtain readings of only 1 or 3 cm As pointed out by 
Lyons Kennedy and Burwell” Uus occurs especially in deep- 
chested individuals These investigators find that with a large 
antero-iiostcrior diameter of the chest, the posterior surface of the 
right auncle actually bcsinorepostenorthan 5cm dorsal to thefourth 
costochrondal junction so that the use of this zero point results in 
underestimation of the true venous pressure when compared to that 
of less deep-chested persons Their findings indicate that the poste- 
rior surface of the right auricle is more closely related to the poste- 
rior than to the anterior surface of the chest wall They suggest 
that m adults the zero point be taken as 10 cm anterior to the skin 
of the back With tins point of reference and the JMoritz Tabora 
method Burwell and bis pupils find the normal venous pressure 
between 5 and 15 cm of water For a splendid discussion of tbe 
direct measurement of venous pressure, the reader is referred to the 
paper of Lyons Kennedy and Burwell ** 
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THE VENOUS PULSE 

Pulsations can be seen in the cenical veins of most healthy 
individuals, according to Hewlett,” in over SO per cent In the 
large veins of the extremities, visible pulsation does not occur in 
health The v enous pulse can be studied either by simple inspec- 
tion of the cerv ical veins or bj graphic records (phlebograms) taken 
with a receiver over the pulsatmg vein It was through the inter- 
pretation of such graphic records that the fundamentals of our 
knowledge of the cardiac arrhvthmias were unveiled in the classic 
researches of ilackcnzie*^ and Wenckebach Tor a tune, the 
phlcbogram was extensively used m practical clinical work Unfor- 
tunately, to obtain a good tracing of the venous pulse is often a 
task of considerable difficulty, and the interpretation of the records 
IS frequently obscure The electrocardiogram has proved, in 
general, infinitely superior to mechanical tracings for the study of 
the rh>thm of the heart, and the latter are now scarcely used for 
other than investigative purposes For this reason, the present 
section will be confined to a few brief, general remarks on the 
venous pulse, and tlie reader referred for details to the above- 
mentioned works Tiiey arc well worth study, if onl> as examples 
of how much information can be obtained from a simple technic 
used with high intelligence For the correlations with electro- 
cardiography, the reader is referred to the monumental treatise of 
Lewis 

The Normal Phlebogram —The pulse m the cervical v ems mirrors 
the pressure changes in the right auncle Because of the free com- 
munication with the veins of the neck, an> change in the pressure 
m the nght auricle quickly is reflected in a corresponding retarda- 
tion or acceleration of the flow in these veins ^^hen the pressure in 
the right auncle rises, the flow in the veins is retarded and they 
swell, while a fall m intra auncular pressure is accompanied by 
collapse of tlie v ems as thev cmi)t> into the auricle As a result of 
the changes in intra auricular pressure, three main positive waves 
and two prominent negative depressions are present in the pblebo- 
gram of each cardiac c>de These witli the letters applied to 
them by Jlackenzie and now univcrsallj used, arc as follows 

1 A w av e due to auricular s> stole (a w av e) 

2 From the descending limb of the a wave, there spnngs a wave 
winch marks the onset of ventricular sj stole (c wave) ilackenzie 
believed that the c wave is due to the transmission of the pulsation 
from the neighboring carotid artcij to the jugular vein, but this 
has been contradicted bv Ilirsdifeldcr,** Bard,^ and others Ac- 
conlmg to Ilirschfelder, it is due in part to tlie pushing up of the 
tncuspid valves at the onset of ventnailar sjstole and m part to 
the emptjmg of tlie coronary veins into the right auncle 
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The c \\a\c is fohontd by a depression (i depression) This 
ikprcsbion occurs at the tune tbe ixiricle is relaxing but Ilirsch 
fcldcr cmiracr-itcs other factors -wlMdi he believes are also con 
cemcil m its c mwtioii the x dqiression is followed by 

i A broail w av c (u wav e) due to the diastolic filling of the auricle 
1 he apex of the r w av e indicates the time (or slightly after the tune) 
wlicn Uie tricuspid valves open 

The c wave IS followed by a depression (e depression) as tlie blood 
flows from the auricle mto tlic ventricle The depression rises 
slowly as blood flows into tlie aunele from the veins until the next 
c>clc IS started by auncularsvstolc 

N arious inconstant and usually minute waves liav ebecn described 
Of these the moat important is tJie h wave of Hirsclifelder inde- 
pendently observctl by IlirscJ fclder and Gibson « winch follows the 
r wave and 13 ascribed by these investigators to the floating together 
of the tricuspid curtains Xliis apparently occurs at that time of 
vcntncvflar diastole wlicU marts the end of rapid ventncular 
filling and tlie onset of Hendersons period of diastasis Tor the 
relations of tlie h wave to tlie Uiird sound of Oic heart and proto- 
diastolic gallop rliythm see page 391 

Zospection of the Cemcal Veins ~Tiiis is usually best accom 
plishcd on the right si<le of tlie neck wiUi the head so turned as to 
relax the stcrno-cicidomistoid muscle The position of the patient 
and the hciglit in the neck at which tl e amplitude of the pulsations 
is grcitest is largely determined by the venous pressure The 
amplitude of mov cmentof thevcin »s greatest where the venous pres- 
sure most closely approximates the atmospheric pressure Uith 
normal or but iuo<lerateIy elevated venous pressure the pulsations 
arc generally of greatest amplitude and most readily observed over 
the jugular bulb m the root of tbe neck with the patient supine 
On the otJicr hand if the venous pressure is very high there may 
be no pulsation visible in the reclining posture and the patient 
should be gradually sat up until the position is reached in which 
the pulsations arc best seen Generally the pulsations are most 
ample at the top of the blood column in the veins 

I ulsatioii in tlie v eins of the neck is usually easy to diflerentiate 
troat the hating o! tile coroDii Thecrrorvsuaiiy mah is tomis 
take venous pulsation for arterial the reverse mistake is rare Pul 
sation just above tlie clavicle over the jugular bulb is generally 
venous hen a pulsation higher in the neck is venous other evi 
deuces of venous engorgement arc usually mamfest Wlien there 
IS more than one pulsation for each carduc cy cle it is of course 
venous The carotid pulsation if visible is also palpable the 
venous only rarely so and then is accompanied by other evidences 
of pronounced systemic venous engorgement Actually carotid 
pulsation is rarely prominent apart from florid aortic regurgitation 
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Graves’ disease, severe anemia, extreme emaciation, pronomiced 
arteriosclerosis, cardiac overactivity of nervous origin, aneurysm, 
and heart block , in the last, one maj discern frequent v enous pulses 
corresponding to the auricular systoles 

Despite the three waves which the phlebogram contains, inspec- 
tion of the cervical veins in health gcnerallj reveals but two waves 
This 13 evidently because tiie a and c waves are fused in one undu- 
lation, which IS followed by the b wave rurthermore, under nor- 
mal circumstances the sjstohc collapse of the vein is more striking 
than the swelling, for which reason tlic normal venous pulse is 
often called the negaiire venous pulse Because of the presence of 
the auricular wave, it is sometimes also called the auricular form 
of the venous pulse 

Perhaps the most important information that the clinician 
derives from inspection of the cervical veins is that regarding the 
height of the venous pressure (page 112) Much can also be 
learned concerning the arrhv tlimias by the naked-ev e study of the 
venous pulse, but for details regarding this the reader is referred to 
the above-mentioned works lierema> be mentioned the frequency 
with which auricular flutter and heart block can be detected by 
observation of a higher frequency of the venous pulse than of the 
apex beat On the other hand, Prinzmetal and Kellogg found that 
some casts of ventricular tachycardia can be recognized b> an 
apical rate faster than the jugular pulsations 

The Ventncular Form of the Venous Pulse —It was mentioned 
abov e that m the normal (auricular or ncgativ c) form of the \ enous 
pulse, there are two waves, each followed bj a depression and the 
most striking ev ent is the sj^stohccolhpse of the vein In the ven- 
tricular form of the \ enous pulse on the contrary , onl> one w av e is 
seen, and this consists in a sustained systolic filling of the vein, 
which collapses m diastole 

Ihe condition in which the ventncular form of the venous pulse 
most often appears is auricular hbnllation The mechanism of its 
production is as follows Because of the uncoordinated contraction 
of the auricles, the a wave is, of course, absent Furthermore, 
instead of being almost empty at the beginning of ventricular 
systole, as is normally the case, the auncle is already distended 
with residual blood The result is tliat the blood flowing into the 
auncle from the great veins meets with resistance, the pressure 
within the veins rises, and they arc distended So to speak, there is 
anticipation of the normal ® wave Under normal circumstances, 
w ith the auncle practicallv eroptv at the beginning of \ entncular 
sy stole, as a result of its ow n contraction, the blood flow ing m from 
the vena: cavoe must first distend the chamber somewhat before 
tile resistance it meets is sufficient to be marked by a positive 
wave, the v wave, m the cervical veins, and there is thus a distinct 
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mlcnnl between the c waxe it tiie beginning of \cutricijlar sjs 
tole ind the v wave Dut when the jmnclc :s alreadj diitended 
tlie efTcet of the blood flowing in from the great \cins manifests 
Itself iinme-diatelj and the » wa\t merges with the c wave to con 
stitutc one large positive wave during ventricular sjstole Of 
course if there i3 tncuspul insulheieno tlic regurgitated blood 
adds Itself to tint returning from the veins ind tlie single positive 
«*>stohc wave is all the more pronounceil But it is to be enipha 
sized tliat the ventricular form of the venous pulse w not ncc-essnrily 
a sign of tricuspid msufhcicnc> , it merely indicates that the auricle 
has not emptied 

The tj-po of venous pulse in tricuspid stenosis is mentioned on 
page GaO 

Pulsations m the Veins of the Extremities —It was mentioned 
above that in hcaltli no pulsations arc visible m the veins of the 
extremities In sc' ere right heart fulure with systemic venous 
engorgement on the other hand pulsations may be visible in the 
large superficial veins of the upper extremity, especially tJie ante- 
cubital veins Ihc frequency with whicli such pulsation is to be 
detected m severe riglit heart failure was lirouglit out u\ the excellent 
paper of Kerr and arren ” to which the reader is referred They 
observed 5G patients with peripheral venous pulsations mostly 
witliin a period of eight mondis Careful observation with the arm 
niscd to various levels is usually ncccssarj to detect the phenome- 
non Penpiicral v cnous pulsation is a sign of severe right heart 
failure, and Ivcrr arid Warren found that it is of serious prognostic 
significance In very rare instances of aortic regurgitation trans 
mitted pulsation is visible in Uit veins 
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CHAPTER VII 


EXERTION VL DYSPNEA 

DisPNE.v* IS tlie symptom jar excellence of a failing heart 
It occurs m \ aryuig seventy m cardiac failure of all types and is 
most often the first subjective token that the lieart is embarrassed 
in uinintainuig the circulation in accord with the dictates of the 
metabolism of tlie moment Tliree vanetics of djspnca result 
from circulatori failure 

1 Eierhonal dyspnea, m winch the shortness of breath is called 
forth or accentuated when the work of the heart is augmented, 
iisunllj, though not solely, by physieal exertion or emotion In 
severe exertional dyspnea, the demands on the heart embarrass it 
under basal conditions and the patient is short of breath even at 
complete rest Exertional dyspnea is much the most common 
form of cardiac dyspnea It is sometimes called continuous dysp* 
nca to differentiate it front tlic following forms 

2 Paroxysvtal dyspnea, or cardiac asthma, m which the short- 
ness of breatli occurs in }>arox>sms, not motivated by obvious 
ph} steal exertion or emotion 

3 Periodic (Cheync-Siolcs) dyspnea occurs m Chejme-Stokes 
breathing in which the h^'pemcic phase is sometimes accompanied 
by tJie subjective sensation of dyspnea 

In all these forms of djspnca, the shortness of breath may be 
aggravated m the rccumDcnt jiosture and olleviated by elevation 
of the upper part of the body— orMopneo 

PATHOGSNDSIS OF EXERTIONAL DYSPNEA 

Historical and Introductory — Tlic conceptions of the pathogenesis 
of cardiac djspnea held by the first students of the subject were sur- 
prisingly similar to those in the ascendant today When Vieussens** 
described mitral stenosis over two centuries ago he attributed the 
breathlessness to interference with the free entry of air b> engorge 
ment of the lungs with blood Corvisart* followed a similar line of 
thought believing tliat in many mstances cardiac dyspnea ‘ is due 
solely to the accumulation of blood m the vascular system of the 
lung These keen clinicians had thus discerned w hat appears today 
to be the most important single factor m the pathogenesis of cardiac 
djspnea 

* Dispoea ig the coosciousness ot tbe aeceeaity (or increased reap retory eiTort 
(Meekma ) The most important recent in\eatiEst one on card oc dyspnea arc thoae 
o( Xlartisoa and h s pup Is avhich arenunmansed in hu monosraph " An excellent 
survey of dyspnea m general baa been puUiabed by Chr stie ’ 

( 120 ) 
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Subsequent theories of the genesis of breathlessness in heart 
disease ha\ e been corollaries of the dominant phj siological doctrines 
of the regulation of respiration m health As oxygen want and 
carbon dioxide excess waxed and waned m the esteem of phjsiol- 
ogats searching for the chemical excitant of the respiratory center, 
their counterparts flourished as theories of dyspnea Later, when 
It was thought that the hvdrogcn-ion concentration of the blood 
governs respiration, attempts were made to explain cardiac djsp- 
nea on the basis of changes in the acid-basc equilibrium of the 
blood And when Gescll*® collected strong evidence that altera- 
tions in the composition of the blood affect respiration through 
the intermediacy of the h>drogcn-ion concentration m the tissues 
of tlie respiratory center, more attention was paid to the role of 
the circulation through the central nervous system in the production 
of cardiac dyspnea 

Adequate appreciation of the signiflcance of changes in the 
mechanics of pulmonary ventilation in the pathogenesis of cardiac 
djspnca is comparatively recent, and largely due to the investiga- 
tions of Peabody** and his pupils Also very important have been 
the recent studies of Harrison** and hts associates, winch have 
revealed the inadequacy of ‘'chemical' explanations of many 
instances of cardiac dyspnea, and have directed attention to the 
r61e of nervous reflexes, especially those initiated in the engorged 
lungs Ihe newer discoveries of the reflex control of respiration 
Tia the afferent nerves from the carotid sinus and aorta have as 
jet hardly been evaluated m their relation to dyspnea 

We shall consider the mechanisms involved m the pathogenesis 
of exertional dyspnea m tlie following overlapping categories 

1 Pulmonary factors 

2 Changes m the chemical composition of the blood 

3 Diminution of cardiac output and of blood flow through 

the respiratory center 

4 Nervous factors 

Tmally, the integration of the individual factors tending to 
produce dyspnea will be discussed 

Pulmonary Factors in Exertional Dyspnea — ^^e have seen that 
even two centuries ago the significance of pulmonary engorgement 
m tlie causation of cardiac dyspnea was realized Actually, the 
parallelism between the degree of pulmonary engorgement m heart 
disease and the seventy of dyspnea is often so striking that it can 
hardly escape the observant clinician In accord with clinical 
impressions, recent quantitative investigations of the respiratory 
volumes have shown that passive congestion of the lungs greatly 
hampers pulmonary ventilation, and that this impairment of ven- 
tilation IS tlie fundamental caudc of exertional dyspnea in heart 
disease We shall first describe the mechanisms through which 
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cJii,orgcmcnt of the lungs hampers external respiration and then 
turn to tlie chmeal manifestations of the impairment of \entiIation 
and their rihtiun to dyspnea 

The Mechanisms Through Which Fulmonar; Engorgement Affects 
External Respiration —1 Diminution xn He Cajaciij of the Ihcolar 
S/wces — Irauhe** long ago believed tl at the cause of cardiac 
iljspnca IS encroachment on the lumens of the aUeoli by dilated 
capilhnes in their nails thus diinmishmg the volume of air avail 
able for gas exchange Ifistological examination of the lungs of 
patients nho succumb to heart failure docs indeed shon that the 
air Spaces are compromised Lctatic capillaries play a part m tins 
process but thichcinng of the interstices of the interalveolar septa 
m long standing brown induration is also concerned Iransudation 
of fluid into the air spaces is doubtless of much importance m many 
eases It seems probable that there may be considerable transu 
dition without manifest auscultatory signs of pulmonary edema 
Hie roentgen finding of opaque pulmonary fields alfords graphic 
evidence of the diminished air content of tl c lungs in many instances 
of cardiac failure Often liydrotliorax ascites meteonsm or 
cniargayent of the liver coinprcas considerable volumes of lung 
Fspecially in cliildrcn great eiilargeineiit of the heart may conipro 
imse u notable portion of the pulmonary parenchyma Duriig 
the episodes of puluioiiaty infarctiun or bronchopncumoaia winch 
so often complicate passive congestion of the lungs dyspnea is 
usually intensified 

Expenuiciital CMdcuce that engorgement of the pulmonary 
vessels entails cncroadimcnt on the ah eolar lumens has been adduced 
by Ilomanoff” and by DrmKcr Peabodv and Blumgart**, The 
latter investigators found that when the pulmonary veins are nar 
rowed entrance of air into the lungs is hampered 

2 Rigidity of the Lung —It is obvious tint diminution m the 
elasticity of the lungs must interfere scnouslv with the respiratory 
movements for expiration is normally elfecteil by the clastic rccoU 
of the lungs and chest wall Dccrcas«l pulmonary elasticity also 
augments the work of inspiration The first to appreciate the sig 
nificanee of decreased elastiaty of Uie lung in the pathogenesis of 
cardiac dyspnea was von BascU*^ in his theory of LungenalaTrc 
(pulmonary rigiditv) TTie conception of von Basch was that 
pulmonary engorgement diminisl es the elasticity of the lung 
which IS so to speak erected by tl e mctcased fiUmg of the vessels 
Like tlic fire hose tlirough which water is pumped under high 
pressure the pulmonary vessels become more r gid as engorgement 
raises the intravascular tension The result is diminished elasticity 
of the lung In long standing cases with brown induration of the 
lung the extensive fibrosis and frequent edema of the interalveolar 
septa doubtless also contribute to the loss of elasticity The less 
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cncd elasticitj of the lung prcdujposcs to dyspnea through curtailing 
the amplitude and increasing the work of the respiratory mo\ ements 
The decreased respiratory e\cui^ion of the engorged lung is gen- 
erally demonstrablt under tlie fluoroscope Pulmonary rigidity is 
also a primary cause of the decreased \ ital capacity and increased 
residual air of the engorged lung 

3 Uneven Ventilation — Siebeck“ believes tliat in cardiac dysp- 
nea ventilation of the lung is less even than in health In favor of 
this conception, he advances the following cvidenc-c He had the 
subject inspire from a spirometer containing hydrogen The vol- 
ume of hydrogen inspired, the volume expired in the following 
expiration, and the hydrogen content of the last portion of the 
expiration was determined# From this data, he calculated the 
average air content of the lung, which he termed the effective 
middle capacity \ similar determination was carried out after 
five or SIX breaths assured more thorough mcxing of the hydrogen, 
to this figure, Siebcck applied the term true middle capacity He 
found that in health the effective middle capacity is about SO per 
cent of the true middle capacity, while in cardiac failure this ratio 
is lowered to about 50 per cent Siebecks interpretation of these 
findings IS that the gas mixture in the lungs is much less uniform 
m cardiac patients than m health, and that a much larger fraction 
of the alveoli fail to be ventilated by a given inspiration To a 
large extent, this unevenness of pulmonarv ventilation in cardiac 
failure is quite probably a consequence of the dmiiiushcd elasticity 
of tlic lung discussed in the preceding section and similar to what 
occurs ill emphysema (page 532) Another factor that may play 
some part is narrowing of bronchioles due to passive congestion of 
their walls It is evident that with uneven ventilation a smaller 
fraction of the air of each inspiration is utilized which necessitates 
a larger volume of ventilation and thus prcdispo&es to dyspnea 

4 Shallow Breathing —In the large majority of patients with 
cardiac dyspnea, respiration is very superficial, which must in 
Itself Jesuit m a vicious qydo and furlhcr Jowcj the efficiency of 
ventilation For the respired air consists of two parts (1) The 
air that fills the “dead space,’ i e, the nose, mouth pharynx, 
trachea and bronchi, amounting to about 130 cc which plays no 
part m aerating the blood, (2) actual txcliange air which reaches 
the alveoli and aerates the blood There is evidence tliat the dead 
space may v ary w itli the deptli of respiration as a result of changes 
in tlie caliber of the bronchi, but tlic difference is apparently not 
great There seems no reason to believe that the volume of the 
anatomical dead space is altered m cardiac dy spnea otlier than by 
this small adaptation It is therefore obvious that the dead space 
constitutes a larger portion of the total respiratory volume when 
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breathing i3 superficial anti thus lowers the efficiency of \entiIation 
lu cardiac <1^ sputa 

5 Dmimshcd Pcnicabihfj of ae Ifreolnr IP alls — It is now 
almost unn ersally agreed that the exchange of gases betw eeii the 
a\\eolar nir and the. blood occurs the iilijsical process of diffu 
Sion IJic active secretion (by the alveolar cells) postulated by 
Haldaiit has not been dtuionstratcd In health the diffusion of 
cardon dioxide occurs so rapuUy that the tension of this gas is 
practicall} identical m the arterial hfood and alveolar air according 
to Bock* and Ins co-workers it is only 0 2 ram higher in the arterial 
blood In tlie case of ovygcii such equality of prtSsurt is not 
attained Vhhough the arterial blood is about JG per cent satii 
rated w itli oxj gen Bock el al foun 1 that m I talth the partial pres 
sure of tins gis is from 18 to 62 nim of mercury lower than in the 
alveolar air Prcssumably one of the factors m this difference 
between oxygen and carbon dioxide is that t)je latter diffuses some 
30 times more rundly than oxygen 

In cardiac dy piica tlie differences between the partial pressures 
of the respiratory gases m the alveolar air and the arterial blood 
may be very iimcli greater than m health 'lliat the arterial 
oxygen saturation and partial pressure is smkinglv low ered m some 
but by no means all patients with cardiac dyspnea is well cstab 
hshed (page 129) On the other I and the oxygen content of the 
alveolar air is apt to be elevated mcanlncdyspnca (pagcl2S) The 
difference betw cen the arterial and ah colar oxv gen tensions is most 
raarkc\l when pulmonary engorgement is of 1 igh degree and is 
prone to be especially accciUuated if tlicre is c-oincident emphysema 
Thus Krocta” found that while m hcaltli the oxygen tension in the 
alveoli averages about 2J inra =*» 9 mm Hg higher than m the 
arterial blood m cardac failure with severe pulmonary congestion 
the difference is of the order of 55 mm Hg Lv cn in aortic insuiH 
tieiicy and mitral stenosis without duucal manifestations of pul 
monary stasis and with arterial o^gen saturation either normal 
or not dimmished below 91 per cent Ivroetz also found the differ 
ence between the arterial and alveolar tensions above his normal 
averaging 30 mm Hg 

In the case of carbon dioxide which diffuses so rapidly the 
arterio-alveolar tension difference m heart failure is much less 
than that of oxygen and vs apparently bigiiificant only when pul 
monary engorgement is very severe In 4 patients with cardiac 
dyspnea Peters and Barr** found the carbon dioxide tension of 
the arterial blood between 13 and 19 mm Hg higher than that of 
the alveolar air Similar results were obtained by Campbell 
Hunt and Poulton* However these investigators calculated the 
carbon dioxide tension of the arterial blood from the COj combinmg 
curv e of the rsnous blood and the CO* content of the arterial blood 



PATIIOGESEblS OF BXBRTIOHAL DYSPNEA 125 

They assumed that tlie carbon dioxide absorbing po\i ers of artcrnl 
and \cnou3 blood do not differ significantly Later, it was shown 
by Mtakins, Dautrebande and Fetter*^ that this assumption is 
invalid m cardiac failure with slowing of blood flow Thej found 
that while the carbon dioxide combining power of the venous blood 
of sucli patients is diminished, that of the arterial blood is normal 
Using the arterial blood for their studies Aleakms and his associates 
found that m mitral stenosis with heart failure the carbon dioxide 
tension of the arterial blood docs not differ significantly from that 
of the alveolar air Kroetz also found the carbon dioxide tension 
equal in the arterial blood and alveolar air m valvular defects with- 
out clinical evidences of pulmonary stasis However, when these 
V alv ular defects w ere accompanied by moderate pulmonary engorge- 
ment the carbon dioxide tension of the arterial blood averaged 
3 mm Hg higher than that of the alveolar air, and in the presence 
of severe pulmonary congestion the difference was of the order of 
9 mm 

Probably, several factors are summated in bringing about the 
abnormally great oxy gen and carbon dioxide arterio-alv colar tension 
differences present m some instances of cardiac failure As a result 
of pulmonary rigidity and unequal ventilation of different parts of 
the lung, aeration of the blood passing the poorly ventilated alveoli 
IS correspondingly impaired and contaminates that from the well- 
ventilatcd alveoli when mixed with it m the pulmonary artery 
But in addition it seems probable that the ah colar walls in passive 
congestion offer greater resistance to the diffusion of the respiratory 
gases than in health, although it is difficult to evaluate this factor 
quantitatively The thickening and otlier changes observed histo- 
logically m the alveolar walls of the engorged lung suggest decrease 
m their permeability Certainly, the presence of transudate must 
interfere with the diffusion of gases Another fact that suggests 
decreased permeability is the increase in oxygen saturation of the 
arterial blood that may follow the inhalation of high concentrations 
of oxygen (page 739) Imally, the much greater increase m the 
atteTio-alveolaT oxygen difference than m that of the mneh moie 
highly diffusible carbon dioxide is in accord witJi the conception of 
decreased pcrmeabihtj of the alveolar walls 
0 Reflex Acceleration of Breathing Initiated by Pulmonary 
Engorgement the total volume of ventilation is largely 
regulated by chemical meclianisms, reflex influences are of great 
significance in determining the form of breathing, i e , the fre- 
quency and amplitude of tiie individual respirations Although 
tliese reflexes may arise m various parts of the body, the most 
important are believed to be initiated m the respuatory tract, 
from the nose to the alveoli, the muscles of rcspuntion, and the 
thoracic articulations In the study of the nervous control of 
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respiration tJie focal point bos been occupied bj the Heniig Breuer 
theorj of reflex autorcgulation of rtspirition According to this 
thcorj A\hcn a certain distention of the aheoli has been attained 
inspiration is rtflexly termin'ited by impulses along tlie ^ agus n hile 
ulien tilt aKeoli have betn adequately deflated other vagal im 
pulses initiate inspiration Flic theory has been variously modified 
(Hess’*) but It sctnis probable that the mechanical factor of alveolar 
ihstentuin plavs a part m determining the frequency and depth of 
respiration 

ihere is evidence that tins reflex mcdmnism is involved m the 
production of d^'ipnca I ppingcr and Schiller‘S suggested that 
engorgement of tht polmonarv ciauit or increase in the carbon 
dioxide content of the alveolar air im\ reflexlj stimulate respiration 
The latter part of the hypothesis cannot be of general validity for 
the carbon dioxide content of tlic alveolar air is characteristically 
lowered and not elevated in canliac dyspnea But the conception 
tliatpulmonao stasis rcHcxly stimulates respiration is very plausible 
anil merits serious consideration 

I vidtiicc m favor of the importance of rcilcxes from the engorged 
lung m the production of cardiac dyspnea is adduecd in the pioneer 
investigations of Ilarnson * and his associates to whom appreciation 
of the significance of this factor is almost entirely due In expen 
ments on dogs they found that reduction of the vital capacity of 
the lungs by pneumothorax distintion of tlie capillaries of one lung 
with blood or introducing fluid into the lungs accelerated respira 
tion provided the vagus nerves were intact Ihe chemical changes 
m the blood did not suffice to account for the acceleration of respna 
tion On tlie other hand m vagotomizcd dogs reduction of vital 
capacity diil not accelerate breathing unless the reduction of vital 
capacity was sufficient to produce marked oxygen deficiency or 
increased acidity of the blood Ihis work of Harrison and his 
associate’s thus indicates very strongly that the tachypnea resulting 
from diminution in vital capacity is produced by a vagal reflex 
\iul since decrease m vital capacity is characteristic of cardiac 
dyspnea they attribute such reflex factors an essential role m tlie 
production of this form of shortness of breatli The reflex accelera 
tion of breathing in pulmomo engoigement is doubtless to be 
regarded as compensatory and beneficent tendmg to atone for the 
decrease in vital capacitv 

Clinical IVIamfestabons of the Impairment of External Respuation 
Due to Pulmonary Engorgement —In the foregoing w e hav e described 
the mechanisms tlirough which pulmonary engorgement affects 
respiration The following sections will be concerned with thecimi 
cal manifestations resulting from the operation of these mechanisms 

The Mimite VoIu7ne of VentUaiion —It has long been known that 
ile dyspneic cardiac paiietii bratUiesmore air per i nntde than normal 
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In some instances this li\*per\entilation is slight but in others it 
IS verj marked Peabod> ^^entwortll and Barker*^ found that 
the mmutc volume of ventilation averaged 8 5 liters in i group of 
individuals with severelj decompensated heart disease and 6 liters 
m other cardiac patients m relativd> good condition In one of 
their patients the minute volume of ventilation was halved when 
compensation was restored It is true that in djspncic individuals 
the basal metabolism is generally elevated but the increase is not 
near!} adequate to account for the increment in ventilation Ob- 
serv ation of the shallow breathing of most cardiac patients indicates 
immediately that the increased rcspirator> volume is accomplished 
by acceleration of the rate of breathing and not by greater deptli 
In fact Peabody and his co-workers found that the average volume 
of the individual respirations was -108 cc in tbcir decompensated 
patients and 471 cc m those with diseased but functionally more 
competent hearts There arc however exceptional forms of car 
diac djspnea with deep breathing which will be referred to again 
(page 134) 

The Vital Capacitj—lhc great significance of the increased 
mmutc volume of respiration for the production of dvspnca m 
heart disease becomes more evident m the Iigiit of the fact that 
thegrcaterairexclaugciaackierclinthefaceof decreased utal caixiciiy 
As will be discussed later (page 223) the vital capacitv of cardiac 
patients IS decreased roughly in proportion to the seventy of the 
djspnca and may be well below one-quarter of the normal value 
Alorcovcr not onlv is the vital capacity of those with insufficient 
hearts decreased under the usual conditions of breathing but even 
the strongest respiratory stimuli fail to increase ventilation to the 
same extent as in health I Ins is well shown in tlie rebreathmg 
experiments of Pcabodj and of Peters and Barr** ihev allowed 
normal controls an<l cardiac patients contmuouslv to rebreathe 
their expired air so that the increasing concentration of carbon 
dioxide would induce hvpervcntilation and dvspnea I he rate and 
volume of respiration were ineasurcal until the increasing ilyspnea 
became unbearable J’cabody found tJiat normals wire abJi. to 
double the rate and quadruple the volume of the respirations thus 
increasing ventilation 8 times the concentration of carbon dioxide 
m tlie inspired air excecvled 9 per cent at the end of the experiment 
On tlie other hand while the patients with cardiac insufficiency 
increased the rate of re*spiration almost as well as the normals and 
responded with augmented ventilation to the lower concentrations 
as did the healthy subjects the maximum respiratory volume 
attaincil when dvspnea forces! cessation of the experiment was much 
lower tlun m health At the end of the cxiieriment the minute 
V olume of respiration avcragexl only about 3 tunes the initial v olumc 
These cxpenuients demonstrate that the decreased vital capacity 
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of pulmonarj cnRorgcraent is not due to inadequate stimulation, 
for even under the influence of the most powerful respiratory 
stiinul int, carbon dioxide, the pattenf wth heart failure i* una6fe 
to increase the depth of breathing to nearly the same extent as tn health 

^ The Dimimshcd efficiency of Resinratian in Heart Failure — 
ICraus” observed that tJie carbon dioxide content of tlie expired 
air IS lower m patients witli cardiac djspnca than m health Bed- 
dard and Pcinbrcy,* Peters and Barr,*’ and others have since 
dcnionstratal that the carbon dioxide content of the actual alveolar 
air 13 diminished in cardiac dyspnea It is true that Peters" found 
the alveolar carbon dioxide content normal in some instances of 
cardiac djspnca, but cxcu m these he observed that it was lower 
than normal m relation to the bicarbonate of tlie plasma In 
severe shortness of breath, the carbon dioxide tension of the alveolar 
air maj he only about oue-lialf the normal rurthermore, Peabody, 
Wentworth and Barker^* found that the percentage of oxygen m 
the expired air is somewhat above tlie normal Inasmuch as the 
total carbon dioxide clinitnation and oxygen consumption is usually 
above normal m these patients (page U9), tlie changes in the 
composition of the expired air arc merely another indication that 
the total \ olume of air breathed per minute is mcTcascd m cardiac 
dyspnea 

These findings— increased minute volume of ventilation and 
decreased carbon dioxide and increased oxygen concentration m 
the expired air— sliow that the effiacncy of rcnlilalion is decreased 
in cardiac dyspnea, less aeration of ike blood being effected by each 
liter of air breathed than in health 

The Hole of Diminution in the Jtespiratory Factor of Safely in 
the Production of Exertional Dyspnea —Because of decreased 
efficiency of \ cntilation, tlie mdiv idual w ilh pulmonaiy engorgement 
breathes a larger minute volume of air for a given exertion tJian in 
health This is accomplished m the face of limitation, as a result 
of the decreased vital capacity, m the maxunum volume of ventila- 
tion of which he is capable In otlier words, the respiratory factor 
of safety— the difference between the volume of air breathed per 
minute and the maximum minute volume of ventilation that the 
patient can possibly attain— is encroached upon from both ends, by 
increase of the former and decrease of the latter When the gap 
IS sufficiently narrowed, the patient experiences dyspnea (‘the 
consciousness of tlie necessity for increased respiratory effort”— 
Mcakms’*), yust as does the b^thy man when he performs exercise 
entailing ventilation close to the maximum for the individual 

It would thus appear that exertional dyspnea in pulmonary 
engorgement and in health are fundamentally similar But in the 
cardiac patient dyspnea appears at a lower level of activity, m 
severe cases even at rest, because his respiratoiy factor of safety is 
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alreadj diminished by the factors descnbed m the preceding para- 
graphs 

Ihis conception of the nature of the exertional djspnea of pul- 
monary engorgement, which is bas^ on the classical investigations 
of Peabody cited above, has received strong quantitative support 
from recent studies of Hamson** and his associates They found 
that while the severity of cardiac dyspnea roughly parallels increase 
m volume of ventilation and decrease m vital capacitj, it is much 

more closely proportional to the quotient 

designate this ratio, determined with a correction for body weight, 
the teniihtioti index, and find that it is of practical value m patients 
wiUi evidence of heart disease in determining whether the subjective 
sjraptoms of djspnea is actually due to heart failure or is neurotic 
in origin 

Changes m the Chemical Composition of the Blood —Until recent 
jears, the conception was dominant that cardiac djspnea is due to 
stimulation of the respiratory center by changes in the chemical 
composition of the blood It was thought that, as a result of 
inadequate pulmonarj ventilation, carbon dioxide excess or oxygen 
deficit develops and stimulates the respiratory center Others 
attributed the stimulation of the respiratory center to increase in 
the hjdrogen-ion concentration of the blood due either to carbon 
dioxide retention or to increase in the lactic acid content of the 
blood (page 133) Ihese chemical theories of cardiac dyspnea were 
largely based on the findings m patients with extremely severe 
heart failure often almost moribund, and on analyses of venous 
blood The latter is obv lously inadequate, for it is the arterial blood 
that irrigates the respiratory center In recent years numerous 
investigations of the patliogencsis of cardiac dvspnca have been 
published which are based on analysis of the arterial blood of patients 
with less advanced heart failure These studies have shown that 
changes m the chemical composition of the blood participate m the 
genesis of dyspnea in a much smaller proportion of cases with heart 
failure tlian had previously been believed 

Anoxemia — Decrease m the oxygen saturation of the arterial 
blood w as formerly considered a powerful stimulant of the respiratory 
center In accord with Gesells • conception that breathing is con- 
trolled bv the state of the respiratory center itself, anoxemia 
w as thought to stimulate v cntilation tlirough causing the accumula- 
tion of lactic acid and perhaps other fixed acid katabohtes within 
the center More recent work suggests that such stimulation of 
ventilation as is produced by anoxemia is effected, not through a 
direct action on tlie respiratory center, but through stimulation 
of the sensitive zones m the carotid sinus and aorta, from which the 
respiratory center is rcflexly activated (cf page 137 and Starlmg“) 

0 
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IIowt\cr Christie^ points out tliat observations nt high altitudes 
ami in carbon monoxide poisonuig indicate that anoxemia perse is 
not a powerful stimulant of Mutilation and even when of the utmost 
stxtnt^ does not produce dyspnea akin to that seen in heart failure 
On tile basis of these considerations alone it might be inferred that 
anoxemia is not the fundamental cause of cardiac djspnea This 
inference has been substantiated by recent clinical studies 

Hie ox\gen saturation of the arterial blood 13 diminished below 
the normal \ alue of about 95 per cent m some patients w ith cardiac 
dyspnea bucb arterial oxygen dcficiencj is apt to be espcciallj 
inarkcii m the presence of intense pulmonary congestion or if there 
is also a considerable degree of emphysema Kcduction of the arte- 
rial oxjpcn saturation to hetivcen 7o and 80 per cent is not rare in 
tbesepntunts In extreme and unusual instances the oxjgen satu 
ration of the arterial blood is as low as about 50 per cent although 
such extreme anoxemia is probably almost always preterminal 

The fiiuimgs of iliiTcrent investigators concerning the frequency 
of arterial anoxemia m tanbac djspnea vary greatly Harrop ’ 
found arterial anoxemia in 7 of 9 decompensated cardiacs and 
further obscrx exi tint m 4 of his i>atienls the oxj gen content of the 
arterial blood roac vwth returning compensation Similarlj Barach 
ind Uuixliitll* observed decreased oxjgen saturation m each of 
7 jiaticnts with decompensated heart disease and Kroetsi® in 20 
of 20 siicii individuals On the other hand Meakms Dautrehande 
and letter*^ found no evidence of dimimslicd oxjgen saturation of 
the arterial bloml m mitral stenosis in the absence of pulmonary 
complications Vn<l trascr'* iiotal decrease 1 oxjgen saturation in 
oiiK I of 8 djspncic patients with mitral stenosis and auricular 
fibnllition while m but 1 of his 5 patients with cardiac failure m 
arterial hvpertension was the oxvgcn saturation of the arterial blood 
under 90 per cent Cullen Harrison** and their co-workers found 
the arterial oxjgen saturation within normal limits even after 
exercise in a scries of patients with slight and moderate degrees of 
heart failure 

Doubtless the differences m incidence of arterial anoxemia m 
cariliac iJvspnca reportcil bv these investigators are largelj attribu 
table to divergence in the tjpe of clinical material Well marked 
arterial anoxemia is common in longstanding heart failure with 
considerable pulmonary changes while it is exceptional m early 
cardiac insufficicncj w ith little stnictural change m the lungs ev en 
though djspnea is severe The important point in the present 
connection is that while notable anoxemia is common m cardiac 
dj spnea there are numerous other aetercfi; dyspneic patients in ithom. 
He percentage saturation 0/ the arienal blood with oxygen is uithin 
non lal limits an I xn ichom the dyspnea ts therefore not to be attributed 
iojinoxenna 
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Kroetz** believes it probable that oxygen want is present e\en in such 
cases of cardiac failure with quite higli oxygen saturation of the arterial 
blood He points out that because of the Batness of the dissociation cune 
of oxyhemoglobin above 85 per cent saturation, small variations in oxygen 
saturation correspond to marked changes m oxygen pressure Of course, 
it 13 the oxygen pressure in the blood that determines the supply to the 
tissues He pomts out that if tlic arterial blood becomes alkalotic through 
loss of carbon dioxide by hyperventilation the resultmg displacement of 
the dissociation curve of oi^hcmoglobm also tends to lower the arterial 
oxygen pressure (however, Mcakins, Dautrebande and Fetter*^ found the 
arterial oxyhemoglobin dissociation curve m cardiac dyspnea vvithm the 
limits of normal) Kroetz claims to have demonstrated pathologically ]ow 
arterial oxygen pressure (down to 55 or 65 mm Hg, as contrasted with a 
normal of between 75 and 100 mm ) m patients with normal arterial oxygen 
saturation Nevertheless, in view of the technical difficulties in the meas- 
urement of the oxygen pressure of the artenal blood, confirmation of 
ICroctz’s results is to be awaited before accepting the view that there is a 
deficient supply of oxygen to the tissues in cardiac patients with undimin- 
ishcd oxygen saturation of the artenal blood 

Turthcr evidence that anoxemia is not the fundamental cause 
of dyspnea in the left-sided heart failure of such conditions as mitral 
or aortic \ alvular disease or h> pertcnsion is afforded by the follow mg 
not uncommon observ ation The patients may be intensely dy sp- 
neic w ith little or no cy anosts during the stage of isolated failure of 
the left side of the heart But when the right ventricle also fails, 
dyspnea often lessens and orthopnea disappears pan paesu with 
deepening of the cyanosis This sequence of events indicates 
that the dyspnea of left heart failure parallels the engorgement of 
the pulmonary circuit rather than the oxygen saturation of tJio 
arterial blood 

While these findings show arterial anoxemia is not the primary 
mechanism of at least most instances of cardiac dyspnea, it is an 
important accessory factor m the cases with marked arterial oxygen 
deficiency 1 his is show u by the results of oxy gen tlierapy Barach 
and Woodwcll,* Barach and Richards * and many others have found 
that inhalation of high coucciitratioiis of oxygen often alleviates 
cardiac dyspnea I have also obscrvcil this repeatedly But in 
other instances, oxygen therapy has no striking effect on cardiac 
dyspnea even though it raises the oxygen saturation of the arterial 
blood and eJirainates cyanosis 

Retention of Carbon Dioxide —Carbon dioxide is so powerful a 
respiratory stimulant that accumulation of this gas m tlie blood was 
early suggested as the cause of cardiac dyspnea Elevation of the 
carbon dioxide content of the blood, according to the most widely 
held theon , stimulates respiration through increasing the intra- 
cellular acidity of the respiratory center by lessening the diffusion 
gradient between the cells and the blood so that carbonic acid 
accumulates in the center Recent work (page 137) indicates that 
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carbon dioxide also stimulates respiration tlirough the intennediacy 
of the carotid sinus and aorta 

In a large senes of patients xntli cardiac (bspnea, the carbon 
dioxide content of the arterial blood shows variations so great as to 
nMlicatc tint it is alTcctcd b> opposing influences 

^Vherc there is severe pulmoiiar> congestion or other widespread 
lesions of tlie lung, the arterial carbon dioxide content mav be 
elevated definitely above the iionnal values of between 40’and 
53 volumes per cent Such increase m the arterial carbon dioxide 
content 13 accompanied b> well marked anoxemia and is to be 
attributed to impairment of gas exchange m the lungs Probably 
because of the far greater diffusibihty of carbon dioxide, much more 
pronounced impairincnt of pulmonarj gas exchange is required to 
produce retention of carbon dioxide than depression of the oxjgen 
saturation of the blood According to Kroetz,** carbon dioxide 
retention appears only after the oiQgen pressure of the arterial 
blood has fallen to about 40 or 45 mm Ilg (his nonnal values are of 
the order of 77 mm I!g) 

Jliich more often, however, in cardiac djspnea not accompanied 
bj extreme pulmonarj dmngcs, (he carhon diozide tension of the 
artenal hlood ts below nonnal, at tunes strikingly so (Ilarrop,*^ 
Meakins Dautrebande and letter,*^ and Fraser* ') In such cases, 
It has rcpcatedlj been observed that with the return of compen- 
sation tiic arterial carbon dioxide content rises Inasmucli as 
Dautrebande'* has show n that the decreased carbon dioxide content 
of the arterial blood maj accompany abnonually high concentration 
of carbon dioxide in the venous blood, it is tlicn evidently a mani- 
festation of hj^crventilatioj) In most instances as was shown 
by 1 riser, Iloss and Drejer'* tlic decrease in carbon dioxide con- 
tent of the arterial blood is not accoropaniod b> a corresponding 
drop m the alkali reserve, so that artenal alkalosis results How- 
ever, tJicrc arc other examples of cardiac failure, usually very 
severe and with sjstcmic venous engorgement, m which the lower- 
ing of carbon dioxide m the arterial blood is accompanied by depres- 
sion of bicarbonate and acidosis In such cases a rise in the lactic 
and pcrliaps other fixed acids of the blood plajs a substantial part 
in reducing the carbon dioxide tension 

Since the carbon dioxide tension of tlie arterial blood is reduced 
in many indeed most, instances of cardiac dyspnea, respiratory 
stimulation by carbon dioxide cannot be considered a general 
and neccssarj cause of shortness of breatli in heart disease But in 
those exceptional cases m which extreme pulmonary congestion or 
complicating lesions of tlie lungs result in carbon dioxide retention, 
the latter ma> well play an impMtant part m causing djspnea 

Increase m Hydrogen ion Concentration —The acid base equilib- 
rium of the arterial blood is also affected by opposing influences m 
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cardiac failure There may be alkalosis or acidosis Either of 
these may be completely compensated so that the h}drogen>ion 
concentration of the blood is unaffected, but more often compensa- 
tion IS inadequate and tlie reaction is altered While older in\ esti- 
gatora, based on studies of the \enou3 blood, thought acidosis 
characteristic of cardiac dyspnea. Eraser, Ross and Drej er‘* found 
that m most xnsicincea of cardiac dyspnea the hydrogen-ion concen- 
tration of the arterial blood la definitely buered Subsequent in\esti- 
gations by jMeakins, Fetter and Dautrebande,*^ Fraser** and others 
ha\ e shown that alkalosis of the arterial blood due to carbon dioxide 
deficit is indeed a very common finding in cardiac dyspnea, being 
apparently a consequence of h>pervcnti!ation In these cases, the 
alkali reserve is most often not correspondingly lowered so that the 
gaseous alkalosis is not compensated and the hjdrogen-ion con- 
centration of the arterial blood is depressed Tins w as the case in 
9 of 12 djspneic patients with arterial alkalosis studied by Kroetz,^* 
the alkalosis being fully compensated in onl> 3 

In other instances of cardiac dyspnea, however, the arterial blood 
IS not alkalotic and may even be definitely acidotic Such patients 
are generally severely ill and have systemic venous engorgement 
They seem to fall into two overlapping groups (1) In some of the 
cases, pulmonary gas exchange is so severely impaired that there 
is carbon dioxide retention This may bt compensated by a cor- 
responding rise m bicarbonate, akin to the compensatory rise m 
bicarbonate that Scott** found m emphysema, so that the reaction 
IS unchanged Or the gaseous acidosis may be decompensated 
with increased hydrogen-ion concentration in the blood (2) In 
extremely severe cardiac failure, there may' be accumulation of 
fixed acid m the blood w ith corresponding depression of bicarbonate 
An important factor m the production of this fixed acidosis is 
an increase m the lactic acid content of the blood, as described 
by Aleakins and Long** They found that the lactic acid of the 
blood m sucli individuals at rest miy exceed 100 mg per cent, as 
contrasted with a normal value of under 25 mg per cent Bui it 
13 to be emphasized that such striking increase in the lactic acid 
of the blood occurs only in the most severe cardiac failure, gener- 
ally when the patients are almost moribund Aleakins and Long 
found that during exercise the lactic acid content of the blood 
rises higher m heart failure thau in healtli Although there is 
little direct evidence concerning its origin, the accumulation of 
lactic acid m the blood has bren attributed to botli defective 
resyntliesis to glycogen in the muscles as a result of diminished 
volume flow’ of anoxemic blocN], and decreased destruction in the 
liver in consequence of hepatic engorgement Fspeci-illy in the 
heart failure of hypertensive individuals, renal retention may also 
contribute to fixed acidoais KroeU” described fixed acidosis m 
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licMt failure imd deep lircaUimg liU the Kuesnnul breatlmiB of 
diabetes or urciiim, hut m most of the patients of this type that I 
Jia^e icen the respiration was rather superficial, presumably, the 
pulmonary tngorgcnient mtchaiiitally inhibited deep breatliing 
Of course, both carbon dioxide retention and accumulation of fixed 
acids may coHixist 

It seems evident from tlie preceding tJiat cardiac dyspnea is 
fundamentally not an “acidotic dyspnea,” for most often the 
artcrnl blood is aikalotic Jti fact, the alkalosis is most often 
decompensated witli lowered h}drogcn-ion concentration m the 
arterial blood lJut in those instances in vvliicli severe pulmonary 
lesions result in carbon dioxide retention with gaseous acidosis, or 
m whicli there is great elevation of lactic or other fixed acid in the 
blood, the increased liydrogcn-ion concentration of the blood 
doubtless plays a jiart m producing the djspnea Such cases, 
however, arc the exception and not the rule And the acidosis is 
almost always a late development, superadded to otlier causes of 
dyspnea previously present 

Tha Beactioa of the Venous Blood in Heart Failure —The abov s discus- 
sion has been confined largely to tho arterial blood, because this nounalies 
tho respiratory center and is thus of prunory significance in connection with 
the chemical causation of dyspnea Here a few words may be intercalated 
concerning Uio reaction of the venous blood in relation to Diat of the arterial 
blood in heart failure 

^Vhcn t!io cardiac output is dccrca-sed, it is obvious that the normal 
dilTcrcnccs m oxjgcn and carbon dioxide content between tho arterial and 
the mixed venous blood ato eorrcspondinely accentuated Indeed the 
ddTcrence must usually be even greater tiian w-ould correspond to the 
decrease in cardiac output, for the basal metabolLvm is usually increased 
in heart failure With a decreased minute volume of the heart the arterio- 
venous dilTercnccs otlier than Uiosc of oi^gcn and carbon dioxide must 
also bo increased Jjut these have hardly been studied 

Dautrebande, Davies and Mcakins'* found that venous stasis increases 
the transit of water chlondc sod bicarbonate to the tissues They believe 
th« transit of bicarbonate from tJic blood to tho tissues is tlie principal 
factor in producing the lowered alkali reverva of tlie venous blood demon- 
stnted by Peters and Barr** in some poticnte with cardiac dyspnea 

The net result of these consequences of retarded blood flow— especially 
the increased carbon dioxide content and decreased alkali reserve of the 
venous blood— has been shown by Mcakins, Dautrebande and Fetter,” 
Dautrebande '* and others to be a relative increase m the acidity of the 
venous as compared to the arterial blood The increased acidity of the 
venous blood m cardiac faiurc was long ago demonstrated by Lewis?* and 
his CO workers m tho course of tbeir studies on Uie ox> hemoglobm dissocia- 
tion curve Charactenstio of slowing of blood flow is that the venous blood 
13 80 much more acid than Uve artenal Thus while Peters Barr and 
Rule** found that m health the difference m pH between the arterial and 
venous blood is only 0 02 to 003, Dautrebande observed tliat in severe 
cardiac failure the pH of venous blood averages 015 less tlian that of 
arterial In health, the pH of Uie arterial blood averages 7 35 and that of 
the venous blood 733, while in cardiac failure Dautrebande found an 
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average arterial pH of 7 4 and aa average venous pH of 7 25 In other 
words, Daulrebande and his co-workera have demonstrated that in cardiac 
failuTS tenous aadosta may accompany artenal alkalosis The artenal 
alkalosis is a manifestation of hyperventilation and consequent increased 
loss of carbon dioxide t ui the lungs and the venous acidosis results from slow - 
mg of blood flow in the tissues 

Diminution of Cardiac Output and of Blood Flow Through the 
Respiratory Center —Experimental evidence (see Schmidt^ .and 
Gesell^®) shows that diminution of blood flow through the medulla 
increases ventilation by stimulation of the respiratory center 
Such a mechanism has been invoked as a cause of cardiac dyspnea 
bj Fraser lie points out that the combination of normal oxjgen 
saturation and decreased carbon dioxide content of the arterial 
blood in many cases of cardiac dyspnei is ]ust what one would 
anticipate as a consequence of hyperventilation produced by slow- 
ing of medullary blood flow In accord with this conception, 
McMichael’s** findings m a small number of cases indicate that 
diminished cerebral blood flow does occur m association w ith cardiac 
hyperpnea 

Attractive os is the explanation of cardiac dyspnea as a manifes- 
tation of inadequate cerebral blood flow, it does not obtain m a 
high proportion of the cases In the first place, clinical experience 
shows that there is no close parallelism between retardation or 
sjstemic blood flow and d>spnca Many patients with insuffi- 
ciency of the left side of the heart resulting from h>'pertension or 
mitral or aortic disease have severe pulmonary engorgement with 
dyspnea on slight exertion or even at rest despite the fact that 
the absence of cyanosis and the warm extremities bespeak little, if 
any, slowing of systemic blood flow When the right ventricle 
finally fails m such individuals, there can be no doubt that systemic 
blood flow IS further retarded, yet dyspnea often becomes le&s 
severe (page 529) Clinical observation thus leaves little room for 
doubt that dyspnea is much more closely linked to the seventy of 
pulmonary engorgement than to slowing of systemic blood flow 
While available methods for measuring the cardiac output m 
patients with engorged lungs are not entirely reliable, such results 
as have been obtained (see Chapter II) indicate that m some 
individuals with cardiac dyspnea, the minute volume is normal or 
decreased but insignificantly And it would seem probable from 
what has been found m shock (page 631) that when cardiac output 
IS diminished, the brain is among the last organs to have its blood 
supply cut down, the organism endeavoring to protect the brain 
and other immediately vital parts by vasoconstriction in the 
extremities Finally , direct e\ idence that cerebral blood flow is not 
retarded in some patients with cardiac dyspnea has been obtained 
by Cullen, Harrison” and their associates Tliey made compara- 
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tivc obser\ ations on the oxygen and carbon dioxide contenta of 
the arterial and the internal jugular bloods of patients aith heart 
failure, and found that the attwoxenous difference isas not in- 
creased, as would be anticipated were cerebral blood flow slowed 
It might be thought that the greater blood supply to the extremi- 
ties during muscular exercise eotails insufficient blood flow to the 
brain and thus provokes exertional dyspnea But this is also 
disproved by the above-mentioned studies of Cullen, Hamson 
et al , for they found that m cardiac patients the arteriovenous gas 
differences m the cerebral vessels were little affccti^ by moderate 
exercise 

It thus seems evident that diminished cardiac output and cerebral 
blood flow are not concerned in the pathogenesis of many instances 
of cardiac dy spiica But these factors probably play a considerable 
role m the cases of severe heart failure in which the cardiac output 
13 markedly diminished For one tlimg decreased volume of cir- 
culation may be concerned m the production of oxygen deflciency 
and carbon dioxide and lactic acid excess in the respiratory center 
with resultant stimulation of this center And further if cerebral 
flow IS cut down when cardiac output js greatly diminished, this 
would intensify Uie stimulation of the rwpiratoiy center by changes 
m the clicmical composition of the arterial blood due to inade- 
quate pulmonary ventilation In hypertensive patients with 
marked cerebral arteriosclerosis it is to be presumed that the 
effects of even slight diminution m cardiac output on cerebral blood 
flow would be especially pronounced 

Nervous Factors in Exertional Dyspnea —^VhlJe older mvesti- 
gators regarded cardiac dyspnea as a disturbance in the chemical 
Tcguhtion of respiration, more recent studies have brought out the 
primary importance of aberrations m the nervous control of respi- 
ration evoked by the abnormal distnbution of blood Unfortu- 
nately, comprehension of the more intimate nature of these dis 
turbances m nervous control is as yet in its infancy 

Reflexes —Of these, the most important seems to be the vagal 
reflex increase in ventilation shown by Harrison * and his associates 
to result from pulmonary engorgement (page 12G) This reflex is 
doubtless significant lu the paUiogeuesia of the dyspnea of left- 
sided heart failure, cimically the most common type 

Harrison** and his associates also found that v entilation imme- 
diately increased when they elevated the pressure ui the venue 
cavse, either by intravenous infusion or the inflation of a balloon 
m the right auricle The reflex nature of this increase in ventilation 
was shown by their observation that it no longer occurred after tlie 
vagi were severed This reflex presumably is concerned m the 
causation of dyspnea when venous pressure is increased as a result 
of right sided heart failure 
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Another type of reflex ^\hlch may be concerned in the production 
of hyperpnea and consequent dyspnea in circulatory failure is that 
initiated in the sensitive zones of the carotid smm and the root of 
the aorta Ileymans** has diown that such reflexes play an impor- 
tant part in the regulation of respiration He found that perfusion 
of the carotid sinus ^^lth blood containing an excess of carbon 
dioxide or deficient in oxygen produces hyperpnea while apnea 
results when the perfusion fluid is deficient m carbon dioxide 
Experiments by Selladurai and Wright*® indicate that the hy^per- 
pnea produced by anoxemia is due, not to direct stimulation of the 
respiratory center, as has long been believed but rather to a vagal 
reflex initiated by stimulation of the carotid sinus On the basis 
of tins recent work, it would seem that when anoxemia is concerned 
in the genesis of cardiac dyspnea it acts on the carotid sinus and 
aorta rather than directly on the respiratory center, while carbon 
dioxide retention stimulates both the sensory zones in the arteries 
and the respiratory center Since it has also been found that fall 
in pressure within the carotid sinus and aorta reflexly stimulates 
ventilation, it is possible that the low arterial pressure present in 
peripheral circulatory failure (shock) is partly responsible for the 
hyperpnea of shock 

The Respiratory Center —Apart from the therapeutic effects of 
morphine and other drugs, little is known about the effects of cin 
culatory disturbances on tlic senaihtiiy of the respiratory center 
While extreme anoxemia paralyzes tlic respiratory center moderate 
changes m the blood gases apparently have little effect on the sen- 
sitivity, at least, iMacleod and Page** found that the sensitivity of 
the respiratory center to afferent nerve stimulation is not changed 
during the hyperpnea induced by breathing atmospheres poor in 
oxygen or rich m carbon dioxide 

Comparing the chemical findings in the blood with the severity 
of dyspnea and the volume of ventilation Peters and Barr“ found 
indications of relative msensitiveness of the respiratory center in 
some patients with cardiac failure It is indeed striking that many 
rirdfrijcfafs wrfJi tang standtag trght Aeart /adartr cspecftiWy wireft 
this 13 secondary to chronic pulmonary disease hav e little dy spnea 
and no orthopnea despite marked cyanosis high venous pressure 
and massive edema Uhlenbnick and Merbeck** found that the 
ventilation reaction of such patients to the inhalation of low con- 
centrations of oxygen and high percentages of carbon dioxide is 
less marked than that of normals They consider tins evidence of 
decreased sensitivity of the respiratory center But it is also 
possible that changes m the composition of the blood or impaired 
gas exchange in the lungs causes the lessened reaction In emphy - 
sema for example, it is known tliat the alkali reserve of the blood 
may be increased to compensate for the carbon dioxide retention, 
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which Jinj account for the relative slui,gislmess of the reaction to 
the inhalation of tarhon ihoxidc As^et it would secin that there 
IS no unequn ocal evidence of chan|,c m the sensitivity of the respi* 
rutorj center ui circulatorj failure before the tennma! paralysis 

The Registiation o( Air Want on ConsMousness —We have seen 
that tlic sensation of djspnca ansta when the actual and necessary 
ventilation approaches dost to the maximum feasible ventilation 
whether because of vncrca&e uv tlw. (otnver or decrease m the latter 
Hut the nature of the sensations comprised m the feeling of djspnea 
hhe those of hunger thirst etc have not been clearly elucidated 
Goldschculer, loachtinoglu and Rost** who have studied the sen 
sations aroused bj the inhalation of carbon dioxide believe that 
the feeling of pressure in tlit epigastrium chest and neck so char 
actcnstic of tlj sputa arista m the muscles of the chest wall and 
diaphragm llicj consider the sensation a manifestation of 
mertased toiiiia of these muscles lliere is probably also an element 
of muscular f itiguc in Uic sensation occasioned bj the lesscived 
rest period of the respirator) muscles m tach\^)nea and the ntces- 
sit) for active muscular work m expiration as a result of tlierigidit) 
of tlie engorged lung Hut the fact that sensations akin to those 
of cardiac dvspnca arc experienced when one holds his breath 
sufTicicntl) long indicates tint the work of the rc'.pintor) muscles 
IS not the oid) factor in the production of the sensation With 
severe djspnca there is ali>u the often terrifving realization b) 
the patient that he cannot liold his breath Probahl) d)spnea 
is a complex sensation m vvhitJi various scosorv impressions are 
suminatcd 

General Discussion of the Pathogcuesu of Exertional Dyspnea,— 
1 he foregoing luav sen e to ni licate the complexity of the problems 
of cardiac d) spnea and tlie fnguientarv state of present knowledge 
Circulatory failure sets in motion a multiplicity of mechanisms 
which derange the regulation of respiration so as to evoke d) spnea 
Ihc) fall into five general groups 

1 Impairment of the ventilation of the lungs due to pulmonary 
engorgement Hvdrothorax iscites or swelling of the liver may 
also interfere with the respiratorv movements 

2 Changes in the c/iemicaf composition of the 6/ooii— inovecira 
carbon dioxide retention and accumulation of lactic aad— resulting 
from inadequate aeration of the blood in the lungs and/or slowing 
of blood flow througli the tissues these stimulate the respiratory 
center and sensitive areas in the carotid sinus and aorta so as to 
increase ventilation 

3 Slowing of blood flow through tlie respirator) center which 
stimulates the latter 

4 Engorgement of the svstemic veins winch reflexly stimulates 
respiration 
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5 Fall m pressure m the aorta and carotid sinus, 'nhich also 
reflexlj stimulates respiration 

The significance of each of these factors vanes greatlj in different 
t>p(a of circulatory failure 

Exertional Dyspnea m Left-sided Heart Failure — Aluch the most 
common forms of heart failure ace those nhich start as isolated 
insufficiencj of the left side of the heart, the\ include hypertensive 
and artenosclerotic heart disease and mitral and aortic valvular 
defects Exertional dyspnea is usually the chief initial complaint 
and may be agonizing in seventy, even at rest During the stage 
of isolated insufficiency of the left heart, when svstemic venous 
engorgement is absent, examination of the arterial blood generally 
reveals undiminishtd oxygen saturation, normal lactic acid content 
and alkali reserve, decreased carbon dioxide content, and lowered 
hydrogen ion concentration The two latter changes are obviously 
consequences of the hyperpnea, and it is obvious that the dvspnea 
IS not due to changes m the chemical composition of the blood 
The frequent absence of cyanosis and coldness of the extremities 
indicates little, if any, retardation of svstemic blood flow, a con- 
clusion which has been supported to a few instances bv measure- 
ments of cardiac output Since the blood flow through the extremi- 
ties IS not retarded notably , it seems a fau* assumption apart from 
patients with cerebral arteriosclerosis that the same is true of 
cerebral blood flow Slowing of blood flow through the respiratory 
center is therefore not the essential cause of the dvspnea Inas- 
much as the arterial and venous pressures arc usually unchanged 
m these patients reflex stimulation of tJie respiraton center from 
the carotid sinus or great veins does not come into question 

Since none of these mechanisms applies we must turn for the 
explanation of the dy spnea of isolated failure of the left heart to the 
pulmonary engorgement which is the invariable characteristic of 
this form of circulatory insufficiencv Clinical observation shows 
that in left-sided failure, apart from depression of the respiratory 
center by morphine, the serertfy of the dyspnea icaics awl wanes 
with the intensity of the pulmonary engorgement -VJl available evi- 
dence indicates that the dyspnea of left-sided heart failure is 
primarily a sy mptom of pulmonary engorgement 

The individual mechanisms through which pulraonarv engorge- 
ment induces dyspnea have already been described (pages 122, 130) 
and will here be only briefly summarized m their relation to one 
another Pulmonary engorgement entails exertional dy spnea 
because it forces the patient to ventilate at a rate close to the 
maximum of which he is capable Tins impairment of the respi- 
ratory reserve is due both to an mcreose in the actual volume of 
ventilation and a decrease m the vital capacity, of which the 
maximum posoible \ entilation is a function 
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Pulmonary engorgement uicrcasca ventilation because 

1 It dmiinislits tlic elasticity of tlie liing» as a result of nhich 
breathing is sliallow anil uneven With shallow breatlung the dead 
space forms a larger fraction of the tidai air, so Uiat a greater 
portion 13 v\ asted Similarly, imev on ventilation entails less efficient 
utilization of the tidal air 

2 Where pulinonarj engorgement diminishes the permeability 
of the lung tlirough changes in the alveolar walls ami the accumu- 
lation of fluid m the alveolar spaces— as manifested bj abnormally 
great homo alveolar gas dillercntes— increase in ventilation will 
help to mamtam these hcmo-alvcolar differences and thus counter- 
act the lessened permeability of the pulmonary barrier 

3 Harrison** bus shown that pulmonary engorgement increases 
\ cntilation through a \ ngal reflex 

4 Most patients with heart failure have increased basal metab- 
olism, which necessitates correspondingly greater ventilation While 
this uvereaMS m basal mcUbolism is partially a con-scywencc of the 
liypcrpnca, resulting from the incaased work of the respiratory 
muscles, it m turn demands an increment in ventilation 

Pulmonary engorgement decteam vital capacity through 

1 Diminution m the eiasticity of the lungs 

2 Diminution m the volume of the air spaces resulting from 
swelling of the alveolar walls protrusion of ectatic capillaries into 
the alveolar lumens and transudation of fluid into the alveoli 

Through these changes m the lungs, pulmonary engorgement 
results in actual ventilation approaching Uie maximum possible 
ventilation so closely that there is respiratory embarrassment, 
subjectively translated as dyspnea When the engorgement is 
slight, dvspnea ajipcars only when ventilation is increased as a 
result of exercise or excitement But with severe engorgement, 
even resting ventilation approaches the maximum of which the 
subject IS capable ami there is dyspnea under basal conditions 

In most instances of isolated left Jicart failure pulmonary engorge- 
ment per se seems to account adequately for the exertional dv spnea 
m tlie fashion just described Wien left sided failure is so severe 
that cardiac output is greatly dimimslitd it is to be presumed tliat 
diminished blood flow through the respiratory center may play an 
accessory role m the causation of the dyspnea This seems espe- 
cially plausible m patients with marked cerebral arteriosclerosis, a 
common complication in hypertensive and arteriosclerotic heart 
disease And when pulmonary engorgement is complicated by 
bronchopneumonia, extensive pulmonary infarction or pulmonary 
edema, arterial anoxemia and far more rarely carbon dioxide reten- 
tion may develoji and participate m the production of the dyspnea 

Exertional Dyspnea in Right Ventncolar Failure —Insufficiency of 
the right ventricle with systemic venous stasis is most often secon- 



OXIDATIVE METABOLISM AND BODY TEMPERATURE 141 


dary to pre-existent left-sided failure In such cases, the pulmonary 
engorgement continues to operate as a cause of djspnea, but the 
failure of the right ventricle also tends to produce djspnea through 
several mechanisms 

1. As a result of the slonmg of sjstemic blood flo^, the blood 
returns to the lungs abnormally poor in oxjgen and rich in carbon 
dioxide If pulmonarj aeration is sufficiently impaired because of 
engorgement due to the antecedent left-sided failure, this ivill not 
be overcome in the lungs, with resultant arterial anoxemia and 
much less often carbon dioxide excess In severe nght-sided failure, 
there may also be marked increase m the lactic acid content of the 
blood with resultant decrease in alkali reserve, the accumulation 
of lactic acid is presumably attributable to both engorgement of 
the liver with injury to hepatic function and retarded circulation 
of anoxemie blood through the muscles These chemical changes 
in the hlood may well be significant in the production of d>spnea 

2 The cold extremities and small oseillometnc excursions often 
indicate that cardiac output is decreased, a conception which is 
fortified by most of the measurements of cardiac output which have 
been published, although the validity of the latter is not bejond 
question With such small cardiac output, it is possible that the 
blood flow through the rcspiratorj center is significantly decreased 

3 According to Harrison, the nsc in pressure m the right auncle 
and vense cav® reflexly stimulates respiration (page 136) 

4 H>drothorax and ascites ma> be important causes of dyspnea 
in right ventricular failure The same is true of rapid swelling of 
the liver which renders deep breathing painful 

It IS noteworthj that when right ventricular failure complicates 
pre-existent left-sided failure, dyspnea is often ameliorated and 
orthopnea maj disappear , ev idently , the relief of pulmonary engorge- 
ment outw eighs the causes of dj spnea due to the right-sided failure 


ADDENDUM 

OXIDATIVE METABOLISM AKD BODY TEMPEBATDBE 

Basal Metabolism — Peabod>,Mejerand DuBois” and Peabody, 
Wentworth and Barker** showed that in heart failure the basal 
metabolism is increased On the other hand, they found that m 
compensated heart disease the metabolic rate is not augmented, 
indicating that the rise in metabolism is actuallj due to the heart 
failure and not to the cardiac disease per w Resmkand Friedman** 
found an av erage metabolic rate of -|-32 per cent in heart failure, 
with variation between -f-15 and -f 60 per cent, with improvement 
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of tile circulation the basil metabolism fell, further evidence that 
the cnhanct'd metabolism is i consequence of heart failure 
Ihe above mentioned imcstigators and Du Bois“ believe the 
greater oxjgcn consumption m heart failure is due principally to 
the mcrtascxl work of the muscles of respiration Tlie latter results 
from pulmonary engorgement m two ways (1) Pulmonary engorge- 
ment entails an increase in tJie minute volume of ventilation (page 
12(j) lint increase m ventilation results in greater oxygen con- 
sumption has been shown by measurements m hyperventilation 
produml either voluntarily or by inhalation of carbon dioxide 
Olcsnik and rriedman**) (2) And perhaps even more miportant 
than the greater volume of ventilation in increasing the work of 
the muscles of respiration and consequently oxjgen consumption, 
13 the greater rigidity of the lung which results from engorgement 
(page 122) Because of the Icftstned elasticity of the engorged lung, 
more muscular work, is necessary for a given volume of ventilation 
It would thus appear that the increased metabolic rate of heart 
failure is pnmarilj a consequence of pulmonary engorgement and 
consequently of failure of titc left side of the heart In accord with 
this conception, Rcsnik and Iricdman observed metabolic rates 
below zero m 3 instances of constrictive pericarditis with pronounced 
sy stemic v ctious engorgement but apparently not sev ere pulmonary 
engorgement since dyspnea at rest was not prominent The greatly 
incrcascxl oxygen consumption of tlic hypertrophied and dilated 
licart (page 332) may also add appreciably to Uie oxy gen consump- 
tion m some cases, according to calculations of Kcsnik and Fnedman, 
this factor may account for an increment of perhaps as much as 
2Q per cent of the total metabolism 
Effect of Exercise on Oxygen Consumption m Heart Failure — 
Not only is tlie basal nn-tabohsra increased in heart failure, but the 
increment in oxy gen consumption during exercise is also augmented 
above the normal (C-impbell and Sale*) This augmentation is not 
great and is probably largely due to the increment m the work of 
the muscles of respiration during exercise being relatively greater 
than that of the healthy person Observations by iMeakms and 
Long** and Campbell and Sale indicate that the increased oxvgen 
consumption during exercise in heart failure is effected m the man- 
ner that would be anticipated as a result of mabdity to augment 
the output of the heart as much as nonanlly At the start of the 
exercise the oxjgen consumption does not mount as rapidly as m 
the healthy person rurtherinore, the cardiac patient consumes 
a smaller proportion of the total oi^gen requirement for the exercise 
during the actual exercise and a larger proportion after cessation 
t c , he acquires a larger oxygen ddA tlian is the case in health for 
the same exercise The individual writb heart failure thus requires 
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a longer tune after stopping exercise for the oxjgen consumption 
to fail to normal 

Willie 0 x 5 gen consumption and o^gen debt for exercise uithm 
the capacitj of the cardiac patient are thus greater than m health 
Meakins and Long and Ilamson and Pilcher^* have shown that 
the maximum oxjgen consumption and debt of ^^hlch the indi 
vidual 13 capable are decreased in heart failure The lessened 
height to uhich the cardiac patient can ele\ ate ov\ gen consumption 
13 doubtless a consequence of the smaller cardiac output which he 
can attain Ihe smaller maximum oxjgen debt is presumably due 
to inhibition of exercise as a result of djspnea at a lower level than 
in health Since the oxygen debt represents the amount of oxjgen 
required for the oxidation of that part of the lactic acid formed in 
the muscles which is not resv nthesized to glv cogen the oxjgen 
debt cannot become large in heart failure because pulmonarj 
engorgement and the resultant dvspnea force cessation of exercise 
before much lactic acid and a correspondinglj large oxvgen debt 
accumulates 

Elumnabon of Carbon Dioxide m Heart Failure — Vccordmg to 
Campbell and Sale * the changes m carbon dioxide elimination in 
heart failure arc simdar to those in oxjgen consumption The 
cardiac patient forms more carbon dioxide for a gtv en exercise than 
does the healthy person increases the excretion of carbon dioxide 
at the start of exercise more slowly excretes a higher proportion 
of the carbon dioxide after the exercise 13 over and continues to 
eliminate an increased amount of carbon dioxide for a longer time 
after the cessation of exercise The smaller percentage of carbon 
dioxide in the expired air in heart failure has alreadj been mentioned 
(page 128) 

Eppmger s Metabolic Theory of Heart Failure —In the foregoing the 
metabolic cl anges m heart failure have been described as consequences of 
the cardiac insufficiency Eppmger and Its associates have advocated 
the reverse conception t e that the metabolic changes are primary and 
produce cardiac failure They found that oxidative mctalMlism m patients 
with heart failure IS what they term uneconomical T1 is uneconomical 
metabolism is manifested bj deficient rcsynthesis of lactic acid to glj cogen 
and diminished buffering power in the mu*scle3 Eppmger believes that as 
a result of this metabolic aberration a i igher cardiac output is entailed 
which naturally elevates the work of the heart and tl us cau'es it to fail 
Eppnger also believes that tie metabolic changes may involve not only 
the skeletal muscle but also tlic heart in confirmat on of this conception 
of a general metabobc causation of heart failure Eppmger ‘ and his asso- 
ciates found tl at in the early stages of heart failure the cardiac output is 
not onlj not decreased but actuaUy increased 

However subsequent investigations have disproved some of Eppmger s 
contentions. The cardiac output m heart failure (see Chapter II) is not 
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incrcaacd in heart failure but tends to be decreased (except for some cases 
of Ji}T>crthyroidLsin), although for a time cornpca®atory mcclianisms may 
Jt at ita prei lous lei cl Moreover, the deficiency m the reaynthc^is 
of lactic acid to gljcogeii described by Eppin^r is logically explained a.s a 
result and not a cause of heart failure, duo to the slowing of blood flow 
through the muscles and liver resulting from tJic cardiac wcakne'a How- 
cv er, it 13 plausible, though not proved, that once biich metabolic abnonnah 
tics have resulted from licart failure, Uwy may in turn in]ure the functional 
capacity or increase the work of tlic licart 'niere may thus result a i,ccon* 
dary deleterious cnucl on the curcu^tion, of tlie nature of a vicious circle, 
w hich may mcreaso the degree of decompensation 

Body Temperature — Pexcr is common m patients vvith heart 
failure se\ ere enough to require btvl rest When high, some such 
cause as active rheumatic infection, bacterial endocarditis, pneu- 
monia, or infarction is usually revealed as the cause Ivmsej and 
^^Jllte* were almost alivajs able to demonstrate some such cause 
for elevation of over 1 dtgrtc m patients with heart failure But 
sometunea slight or modente elevation of tcm))crature exists and 
jet cartful investigation reveals no other cause tlian the circulatory 
insufficiencj Thus, Cohn and Steele* found that of 172 persons 
with heart failure ld3 exhibited on two or more occasions a rectal 
ttnipcrature of at least 100* F , in 49 of these, no cause for the 
fever other than heart failure was discovcrcti In a number of 
instances, Colin ami Steele were able to show tint tlic heart failure 
appeared just jirior to the fever, while with improvement both 
disappeared simultaneously 

That heart failure may entail pyTcxia is not surprising It has 
just been seen that m heart failure oxygen consumption and conse- 
quently heat production is genenlly increased At the same time 
the mechanism for live dissipation of heat may be unpaired For 
when cardiac output is diratnishwl, blood flow through the skin, 
which plays so important a part in the dissipation of body heat, is 
decreased Indeed, the dimmution in blood flow through the skin 
13 probably proportionately greater than the decrease in cardiac 
output, for experimental evidence obtained m shock (page 631)— 
vvluch probably also applies to diminished cardiac output due to 
heart failure— indicates that when cardiac output is lessened, 
peripheral vasoconstriction results in greater cutting downof blood 
flow through distal parts than through the vital organs This is 
probably largely responsible for the frequent finding in heart failure 
of cold extremities despite elevated rectal temperature In accord 
with this conception, Steele” has found that the difference between 
rectal and surface temperature is greater in heart failure than with 
unimpaired circulation 
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CHAPTER VIII 


PAROXYSMAL DYSPNEA 

In the first sj stematic treatise on diseases of the heart published m 
the English language, Hope* gave a classical description of asthmatic 
paroxjsms due to cardiac disorder This variety of paroxysmal 
dyspnea has since been knonn as cardiac asthma, and mde^ the 
attack may simulate bronclinl asthma so closely as to occasion 
serious diagnostic difficulties In contradistinction to the continu- 
ous exertional dy spnca described m the precedmg chapter, cardiac 
asthma is characterized by paroxysmal occurrence without obvious 
exciting cause in the form of increased physical exertion ^Yhile 
most patients with cardiac asthma also have exertional dyspnea, 
the freedom of others from shortness of breath on exertion is remark- 
able Thus, a woman took long walks m the early evening without 
discomfort, but was often awakened from her sleep by a paroxysm 
of dyspnea 

The Attack —Eew clinical pictures arc more dramatic and terrify- 
mg to both patient and onlooker than a severe paroxysm of cardiac 
asthma It occurs most often m the night, generally m the first 
hours after the patient has fallen asleep Sometimes, patients 
state that the attack came on before they were completely asleep 
but were only dozing, this is especially apt to occur when hypnotics 
have been administered Diurnal attacks are also most common 
when the subject is sleeping In 94 per cent of Pratt’s” cases, the 
initial seizure of cardiac asthma occurred while the patient was quiet 
m bed However, although less commonly, a severe paroxysm 
may develop while he is wideawake even engaged in a conversation 
Of course, such attacks are not as readily differentiated from exer- 
tional dyspnea The same is true of attacks appearing shortly 
after a hearty meal 

The usual description given by the patient is that he awakened 
from sleep with a sense of anxiety and suffocation Most often he 
states that the preceding sleep was sound but occasionally dis- 
turbing dreams are recalled and blamed for the seizure In the 
mildest attacks, a few deep breaths and perhaps the coughing up 
of a little viscid sputum dispel the sense of suffocation and the 
patient drops back to sleep within a few minutes The seizure may 
be initiated by cough, m individuals m whom this occurs repeatedly, 
the administration of morpbme when cough alone is present may 
abort the full-fledged attack Pratt describes as “equivalents” of 
cardiac asthma paroxy sraal nocturnal anxiety and cough The nature 
of such mild attacks or equivalents, which the sufferer may disregard 

( 147 ) 



US PAnOXYSMAL DYSPNEA 

and re\cil only on close questioning, becomes dear only ^^hen a 
tjpical seizure occurs 

III more severe paroxysms, the dyspnea is intense The patient 
sits upright m bed grasping the sides to aid the accessory muscles 
of respiration by fixing the shoulder girdle Often he insists on 
letting his legs hang down from the side of the bed (the rationale 
of this, ns will be seen below, is probably that it diminishes the 
venous return to the heart) Not uncommonly, the sufferer leaves 
the bed for a chnir or lie goes to the window like one in an attack 
of bronchial astlima The breathing is very rapid, and while it has 
seemed superficial m the attacks that I have seen, Hofbauer^ has 
publislicd pneumographic tracings of both superficial and deep 
respiration \Yasscmiann‘* lias also obtained tracings show mg deep 
respirations Most often, the breathing at the height of the attack 
IS regular, but occasionally there is some irregularity and there may 
be a tendency to periodic breathing Often the breathing is 
not especially noisj , but in other cases wlitezmg is audible at a 
distance as ui bronchuil asthma Ihe air hunger may be so intense 
that the patient w ill not interrupt his breathing for ev cn an instant 
to answer a question The face often bears an agonized expression, 
after the seizure tlic victim may tell of a fear of suffocation akin to 
tlic angor anwn of an^ma pcctons and state Uiat while at Uie 
onset he simply felt that he could not breathe deeply enough later 
the sensation was that of strangulation Or he may awaken with 
the feeling that a cord is being tightened about his neck Pam is 
absent m the vast majority of attacks of cardiac asthma but there 
are cases m wliicU individual seizures follow or are combined with 
anginal pain 

A short cough may occasionallv interrupt tlie breathing With 
it may be brought up a little viscid sputum, which is sometimes 
bloody The expectoration may signal the termination of the 
attack In many seizures there is no expectoration On the other 
hand, if pulmonary edema becomes pronounced, large volumes 
of the characteristic pink, frothy, albuminous sputum may be 
brought up 

At the beginning of the seizure, tlie patient is generally rather 
pale But if the attack lasts any considerable time and especially 
if ])ulinonarv edema becomes copious, cyanosis appears and deepens 
\\ itb the peripheral circulatory collapse tliat may prov e a terminat- 
ing complication, the cyanosis becomes grayish and often patchy 
The skin is frequently covered by a cold sweat and feels clammy 

Tlic findings on physical examination of the chest vary greatly 
In many cases no abnormality other tlian rapid breathmg is detected 
The chest is often distend^ during the attack like m bronchial 
asthma, this nny be accompanied by a byperresonant percussion 
note, prolongation of expiration and sonorous and sibilant rales. 
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so that the findings are practically identical with those of bronchial 
asthma In several such cases, onli the history and subsequent 
course convinced me that I was dealmg ivith cardiac asthma 
With the development of pulmonary edema, the characteristic 
moist rales appear Ihese are usually first heard at the bases and 
most often do not progress further But in other cases tliey spread 
throughout the lungs I have several times heard the rales of 
pulmonary edema anteriorly when tliey were not audible at the 
bases 

Auscultation of tbe heart is often difficult because of the noisy 
breath sounds and rales Tlie cardiac signs naturally vary with 
the disease m which the paroxysm develops Generally, the pul- 
monic second sound is strikingly accentuated, testifying to tlie 
hypertension m the lesser circulation It is not uncommon to hear 
gallop rhythm during the attack which is no longer audible the 
next morning 

The pulse is most often rapid and small However, tliere are 
also instances in winch the pulse is slow I recently saw a case of 
aortic stenosis and insufficiency m which, despite copious pulmonary 
edema, the pulse rate was only 60 per minute, decidedly slower than 
its usual rate Tbe tension vanes and is discussed below On 
rare occasions, pulsus alternans is a transitory phenomenon during 
tbe attack 

The Artenal Pressure —Tlie behavior of the arterial pressure v anes 
greatly m different attacks It is apparently affected by two 
opposing influences, namely, diminished output of the left v entncle, 
which tends to lower the arterial pressure, and peripheral vaso- 
constriction resulting from asphyxiaand perhaps also refiexJy induced 
by the diminution m cardiac output which works m the direction of 
elevation of pressure In inauy instances as observed by Pratt, 
Amblard,^ Wassermann, and others, the resultant is a rise in arterial 
pressure, this was very strikmg m a number of cases in which I fol- 
lowed tlie course of the pressure during and after the attack The 
asphyxia of pulmonary edema is apt to induce an especially marked 
rise in pressure, which may exceed 70 mm Elevation of pressure 
has occurred m a large majonty of the attacks of cardiac asthma that 
I have seen On the other band, there arc also cases m which the 
diminished left ventricular output predominates and the arterial 
pressure falls A marked and progressive fall m blood pressure 
accompamed by coldness of the extremities, gray ing of the cy anosis, 
and cold perspiration is naturally of most serious omen, however, 
some patients survive many such attacks 

The Venous Pressure —In many poroxy sms, ev en of great sev enty , 
the veins of the neck are not distended In a number of such 
patients, I have found by direct measurement that the venous 
pressure was not increased, showing immediately that the cardiac 
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failure implicated the left sulc of the heart alone But m other 
instances the cmharrassmtnt of respiration is accompanied by 
mighty bulging of the cervical veins and the pressure m the veins 
of Uic arm rises verj high— over 30 cm of water in 2 eases With 
the cessation of the paroxjsin or its termination by the injection 
of morphine, tin, venous pressure quicUv returns to its previous 
value In such instances the rise m venous pressure is evidently 
a coiiaegiicncc of the rcspiratorj disturbance the same phenomenon 
IS often observed m bronchial astlima Ihat certain varieties of 
djspneic brcithing elevate the venous pressure has been shown 
experimentally by Ilerbst * He rendered Jiealthy men severely 
djspneic bj means of a nicclianical huidrance to breathing and 
found that tlie v enous pressure rose to over 20 cm of water Tlie 
mechanism of the rise in venous pressure in such cases is evidently 
tliat the obstruction to expiration entails an elevation of the mtra 
pleural pressure which m turn otters an impediment to the return 
flow in the great veins nie predorainantly cvpintorj nature of 
the respiratory didicuU) m cardiac asthma is often obvious It is 
readily understood how increasc<J rigidity of the lung due to engorge- 
ment or Uie presence of tnnsuditc in t)ic small bronchi necessitate 
more powerful expiration \s already mentioned whentheelcva 
tion of venous pressure is a consequence of Uve d>spneic paroxysms 
the venous tension returns to normal after the cessation of the 
attack However attacks of cardiac asthma also occur although 
mucli less often m the presence of continuously elevated venous 
pressure due to insufficiency of the right heart During the attack 
there is generally an additional rise in venous pressure In such 
instances of cardiac asthma with contmuouslj eltv ate i venous pres 
sure the weakness of the right heart is not isolated but is associated 
witii weakness of the left heart That the left sided failure is of 
greater degree is indicated by the accentuation of the pulmonic 
second sound and other manifestations of pulraonaiy engorgement 
The jniimonary ctrculalton time is generally markedly prolonged 
and IS sometimes of great value in differentiating caidiac from 
bronchial asthma Ihe rordwc output is discussed on page 157 
The roentgenogram of the cliest between attacks f,eaerally shows 
severepwlnvanaty engorgeaveat WiUi, pulmonacj edema tivece may 
be intense clouding of the lung fields 
Pulmonary Edema —A dcaded luajontj of attacks of cardiac 
asthma including some of great severitj run their course without 
discermble physical signs of pulmonary edema This is especially 
true of those patients who have dozens of attacks of cardiac asthma 
ov er a long period Of course this does not mean that lesser degrees 
of pulmonarj edema not disclosed by pbj sical examination are not 
present But m other cases signs of pulmonary edema may be 
elicit^ m the very first atladc or they may be detected only 
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after the patient has had a number of seizures Jlost often, the 
rales of pulmonary edema appear only after the attack lias lasted 
for some time But there are rare fulminant cases in whicli massive 
pulmonary edema with copious expectoration seems to develop 
almost as soon as the dyspnea Some patients have a number of 
such attacks, each so terrifjmg that the phjsician thinks it will be 
the last Pulmonary edema is further discussed m Chapter XIV 

Course ol the Attack —The duration of an attack of cardiac asthma 
varies within wide limits The average in 26 cases observed bj 
Pratt was one hour In the mildest attacks, the patient awakens 
with respiratory oppression, draws a few deep breaths and the 
episode is over In other instances, there is agonizing djspnea for 
hours Rarely, a "status astlimaticus ' develops, m which, with 
little relief from morphine or other agents, paroxjsms of dyspnea 
follow close on one another for hours or even dajs 

Although a well-marked paroxjsm of cardiac asthma frightens 
the^ patient and gives the physician who is present many anxious 
moments, death during an attack is unusual Of course, it is to be 
presumed that m the most severe bouts of cardiac asthma death 
occurs before the phjsician arrives Probably, some of the instances 
of death during sleep in hjpertensive and arteriosclerotic subjects, 
in which pulmonary edema is found at necropsy , are of tins variety 
But there are patients who survive dozens of sev ere attacks, includ- 
ing a number with manifest pulmonary edema Those cases in 
which the pulmonary edema is massive with abundant expectora- 
tion have a very serious prognosis, though even here recovery may 
occur on a number of occasions 

ToIIowing the spontaneous termination of an attack or its relief 
by morphine, the patient generallj drops off to sleep He ma> feel 
quite well the next morning or there may be exhaustion Following 
the initial attacks, if severe, the patients are usuallj badly fnght- 
tened, the psjchic response has much in common with that of 
angina pectoris Indiv iduals subject to nocturnal attacks may be 
afraid to go to sleep 

PATHOGENESIS OF PAROXYSMAL DYSPNEA 

In the usual continuous and exertional djspnea of heart failure, 
the shortness of breath is brought on bj exertion and relieved by 
rest Oqly m die most severe cases is it also present at rest, and 
then it IS continuous The dyspnea seems to be correlated with the 
oxj gen consumption, appearing when the latter surpasses a threshold 
and disappearing when the oxidative metabolism falls below this 
level Paroxysmal dyspnea, on the other hand, is not immediately 
incited by obvious physical exertion, in fact, it occurs most often 
when the metabolic demands on the circulation seem to be at a 
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muiimuin, namely, Uurmg tlie early hours of sleep Moreo\(.r, the 
(ly spnea often tcrinuntcs spontaneously i ^ , without any obvious 
deertast in the metabolic demands on the circulation These facts 
imiicate tliat factors enter into tlie pathogenesis of paroxysmal 
dyspnea which do not partici|)ate in the prwluction of exertional 
dyspnea Of course, this docs not mean that there are not also 
pathogenetic factors c-oramon to both forms of cardiac dyspnea, 
actually, we shall see below tliat the underlying basis of both 
exertional and parowsmal dyspnea is largely identical 

The Occurrence of Cardiac Asthma — I undamcntal for the study 
of the pathogenesis of paroxysmal dyspnea is the fact tliat it occurs 
almost czchisucly in conhttons charactenzed by failure of the left 
taitricle (For statistics see Palmer and White**) Cardiac asthma 
13 most common in hypertension and artenoselerotic heart disease 
Se\ ere and classical attacks arc seen in the hypertension of glomeru 
loncphritis especially iii tlie acute stage Other frequent causes 
are syphilis aortitis with aortic regurgitation or narrowing of the 
mouths of the coronary arteries and rheumatic aortic regurgitation 
and stenosis In mitral disease on the other hand, typical cardiac 
ftstJima 13 very uncommon most of the episodes of acute pulmonary 
congestion m luitnl stenosis observed by JMcGinn and WJiJte'*were 
melted by unusual exertion or paroxvsmal tacliycardia The 
mayonty of the unusual instances of initnl disease with true cardiac 
asthma arc those in which msuflicicney of the valve predominates 
and tiie left ventricle is enlarged, so that it is readily conceivable 
that failure of the left ventricle is concerned even in tliese cases of 
mitral disease In preiloromant mural stenosis with a small left 
ventricle cardiac asthma is decidedly rare perhaps least rare in 
pregnancy (page GDI) PanwQsmal dyspnea is also very rare m 
failure of the right heart secondary to emphysema and otlier pul 
monary diseases as well as kyphoscoliosis Cardiac asthma also 
seems to be a ranty, if it occurs at all in ty pical form m heart 
failure due to thyroid disease and mediastmo-pericarditis it was 
absent in all 20 casts of thyroid heart mentioned by Palmer and 
WInte 

The Kote of Pulmonary Engorgement in Cardiac Asthma —In 
the preceding section we have seen that cardiac asthma occurs 
almost exclusiv cly m conditions in which the left v eiitncle is strained 
This occurrence led even the earliest invesligatois to the concep 
tion that cardiac asthma is tlie result of pulmonary engorgement 
In his initial description of this form of air hunger Hope thought 
It due to an excess of blood m the lungs compressing the air v essels, 
and preventing the free admission of air, also sometimes causing 
Its own retardation Latmr^ this view was formulated more pre- 
cisely by Traubc (page 123) who considered the shortness of breath 
a consequence of failure of the left ventncle with resultant pul- 
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monary stasis Since the cxpcnments of Welch on the production 
of pulmonary edema (page 229 ), this \ lew has been widely accepted 
The conception is that if the contractile poa er of the left \ entricle 
13 severely impaired ^\hlle the right ventricle functions more effi- 
ciently engorgement of the pulmonary circuit must occur, and 
evidence has already been summarized in the preceding chapter 
that such congestion of the lungs produces dj spnea 

There is no doubt that intense pulmonarj engorgement is present 
m at least the vast majoritj, if not all, attacks of cardiac asthma 
The pulmonic second sound is accentuated, most often strikingly 
The arm-to-tonguc circulation time is almost always markedly 
prolonged, which, m view of the frequently normal venous pressure, 
is to be attributed to slowing of blood flow through the lungs 
Weiss and Robb** found that the velocity of pulmonary blood 
flow IS regularly slower during the attack than is the speed between 
the seizures Ihey found evidence that the blood content of the 
lungs 13 increased m patients with cardiac asthma As a rule, the 
roentgenogram of individuals with cardiac asthma, taken between 
attacks, shows definitely the engoigement of the lungs During 
the attack the engorgement may be accentuated and the lung fields 
clouded by pulmonary edema The frequent development of 
pulmonary edema is, of course in excellent harmony with the con- 
ception that there is acute engorgement and liypertension of the 
lesser circulation m cardiac asthma 1 he same is true of the not 
uncommon bloody expectoration of these patients 

Some of the most important evidence of the fundamental sig- 
nificance of pulmonary engoigement m the pathogenesis of at least 
many instances of caidiac asthma is afforded by the clinical course 
One often observes that previously severe and frequent attacks of 
cardiac asthma disappear when the right heart fails, as shown by 
the development of swelling of the veins and liver and peripheral 
edema This is often so stnkmg that patients volunteer the infor- 
mation that when their legs became swollen, the nocturnal asthmatic 
paroxysms disappeared I have also seen the reverse sequence 
namely, the reappearance of cardiac astlima when evidences of right 
heart failure cleared up 

The predominant role of disturbances m the lesser circulation in 
the pathogenesis of cardiac asthma has been brought out with 
especial clarity in the detailed studies of Weiss and Robb They 
find that in many patients with cardiac asthma the systemic circu- 
lation IS hardly impaired, as shown by normal cardiac output, 
arteriovenous oxygen difference, and venous pressure, the arterial 
pressure may even be elevated On the other hand, they found 
inv anably conclusiv e ev idenccs of passiv e engorgement of the pul- 
monary circuit namely, increase in the blood content of the lungs, 
slowing of blood flow through the lungs, hypertension of the lesser 



15-1 


PAROXYSMAL DYSPNEi 


circulation, and decrease in vital capacity Purthermore, all of 
these as cll as tlie clinical manifestations of pulmonary engorgement 
mentioned above are grcatl> intensified during the actual attach 
And m some of the attacks the engorgement of the pulmonary cir- 
cuit becomes so intense that edema of tlic lungs results 
In the light of these facts, it nould seem to be established that 
cardiac asthma detehpa on the terrain of pulmonary engorgement and 
the actual paroxysm accompanies an intensification of the engorgement 
Fundamentally, tlicn, botli tlie exertional and theparo-cjsmal dysp- 
nea of left heart failure are of sitmlar patliogeticsis, for both result 
pnmarilj from passive congestion of the lungs 
The Excitmg Causes of the Paroxysm —Other questions imme- 
diatclj arise What causes the exaggeration of the pulmonary 
engorgement which produces the djspncic paroxjsm soon after 
the patient has fallen nskcp, just when the metabolic demands on 
the circulation scent to be least? Several mechanisms have been 
considered responsible 

The Recumbent Posture —In many patients with cardiac asthma, 
tlie attacks do not occur if they arc able to sleep propped up high 
in bed Many of them discover this means of relief for themselves 
Further, the information is sometimes volunteered that if the patient 
slides down m bed while asleep, a paro'osm ensues Merely sitting 
up in bed rcliev cs many attach of cardiac asthma 1 he remarkable 
feature is that some who suffer from violent attacks of nocturnal 
dy spnea are able to walk considerable distances w ithout discomfort 
Indeed, when awakened by dyspnea they often walk about the 
bedroom to aid in obtaining relief 
Tlie abov e clinical observ ations would indicate that many seizures 
of cardiac asthma are essentially manifestations of orthopnea In 
Chapter X, it will be seen that the orthopnea of left-sided failure 
13 largely due to pulmonary engorgement resulting from a change 
m the distribution of the blood, with the assumption of the recum- 
bent posture blood isdisplactd from the splanchnic area and lower 
extremities to the pulmonary circuit. The patient with cardiac 
asthma has pulmonary engorgement even when awake and in the 
erect posture Wien he falls asleep in the recumbent posture, 
especially if he slides down m bed blood is displaced from the 
mfradiaphragmatic vessels to the pulmonary circuit, the pulmonary 
engorgement is intensified, and the resultant decrease in vital 
capacity and increase in ventilation finally becomes so pronounced 
that the consequent dyspnea awakens the patient 
However the assumption of the recumbent posture does not 
completely explain all instances of cardiac asthma For many of 
the patients do not become dyspneic when recumbent if they remain 
awake, but are roused by slrortncss of breatli some tune after they 
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fall asleep even though they do not slide down Here, there must 
be other pathogenetic factors resulting from sleep 

Sleep —The great importance of sleep is shown bj tlie fact that 
many victims of cardiac asthma are afraid to go to sleep, for they 
know that they will be awakened by a paroxysm It is possible 
that the diminution m the irritability of the central nervous system 
during sleep is concerned in the liability of individuals with left 
ventricular failure to develop paroxjsms of cardiac asthma when 
asleep The lessened sensitivity may allow pulmonary engorgement, 
resulting from the assumption of the recumbent position in the 
presence of left ventricular weakness, to attain a much higher 
degree before reflexly inciting an mcre^e in ventilation (page 125) 
than IS the case when aw ake The result is that the patient does not 
awake until the lungs become intensely engorged, perhaps to the 
degree of producing pulmonary edema But while such a role of 
decreased sensitivity of the nervous ^stem during sleep seems prob- 
able, It IS not yet proved 

Periodic Breathmg —Not rarely, the respiration of cardiac patients 
becomes periodic when they fall asleep (page 160) Tlie possibiht> 
that at least some attacks of cardiac t^thma are inaugurated by the 
djspneic phase of such periodic breathing was entertained by 
Traube^* and Mackenzie This mechanism apparently occurs in 
some of the cases, but they represent only a small fraction of the 
totality of those with cardiac asthma 

Dreams —Sufferers from cardiac asthma often state that the 
paroxysm awakens them from a dream, and some clinicians have 
thought that dreams may precipitate the attack It seems plaus- 
ible that fear or other emotion accompanying a nightmare may 
increase the venous return to the heart and thus promote pulmonary 
engorgement in the presence of a weak left ventricle Moreover, 
MacWlliam*® found that duniig dreams both the systolic and dias- 
tolic arterial pressures may nse, the former as much as 70 mm Hg 
Such a rise in arterial pressure may well precipitate pulmonary 
engorgement m an individual with a weak left ventricle That 
sudden fear increases ventilation lias been shown by Ilarnson 
But it should be borne in mind that unpleasant dreams are a verv 
common symptom in circulatory failure, whether or not there are 
nocturnal paroxysms of dyspnea 

Resorption of Edema — Volhard>* and Brunn® have advanced the 
theory that nocturnal attacks of cardiac asthma result from the 
resorption of edema fluid into the blood stream when the patient 
assumes the horizontal posture at night It is true that most 
individuals with cardiac astlima have no demonstrable edema, but 
there may be considerable water retention in the tissues without 
pitting swelling Volhard's theory is that the resorption of the 
edema fluid mcreases the blood volume and thus the work of tlie 
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licart Tlie nglit heart is able to master the increased load but the 
\\eakencd left ventricle » not vntlv the result that pulmonary 
eugorgtmeiit and dj apnea de\cIop In favor of this tIicor> Volhard 
adduces the excellent therapeutic results he has obtainenl m cardiac 
ustlima null a drj diet and Uie unfavorable influence of the inges 
tion of large amounts of fluid 1 have also often seen striking thcra 
peutic results m car hac asthma with rigi 1 fluid restriction Dehj - 
dration with mercurial diuretics also sometimes prevents the recur 
rence of canJiac astlim i Hot in other crises these measures fail 
In the frwiuent coses »n which fluid is absorbc’d from the tissues 
at night as shown by njetuna and the clcarmg up of minimal 
edema it would seem probable (bat the entrance of the fluid into 
the blood stream increases the work of tlie heart Wlietlier the 
mobilization of fluid is often of suflieiciit quantitative import 
seriously to embarrass the beart is anotlicf question Ilamson® 
fouiul the Q-c 5 gcn eapacrt> of the Utmd usually higher m the morn 
ing than the evening winch would speak against significant increase 
m blood volume ns a result of resorption of fluid Moreover noc- 
turnal cardiac astlmia is common iii patients who arc m bed during 
the da^, an 1 m whom there would seem to be no reason to presup 
pose greatly accelerated mobilization of fluid after the patient falls 
oslccp Dut in individuals who arc up and about during the dav 
nocturnal rcsponioii of fluid may sometimes be an accessory factor 
m overloading the heart at night 
Cough —narrison believes tliat some attacks of cardiac astiuna 
arc precipitated by cough Because of tlic decreased nervous irn 
lability during sleep the increased bronchial secretion often present 
in pulmonary engorgement accumulates until it produces a violent 
paroxj sm of cough which produces dv spnea through sev eral inech 
anisms aiialyiicd in detail by Harrison Actually cough is a 
prominent feature ill some attacks of cardiac asthma and may well 
precipitate some attacks But in other cases cough is a result of 
the paroxj sm induced by (he presence of edema fluid in the bronchi 
Reflex Factors — ^Yasac^nann • observed relief of cardiac astlima 
by section of the depressor nerves and amelioration of attacks 
by carotid sinus pressure On the basis of these and other observa 
tions he behtves that some forms of paroxysmal dyspnea are 
initiated by reflexes from the root of the aorta In three mstances 
of cardiac asthma U ciss and Robb • blocked the vagus nerv e w ith 
procaine hydrochloride which resulted m improvement of the 
dyspnea orthopnea elevation of the vital capacity and ipsilateral 
disappearance of rhonchi and r51es and improvement of the breath 
sounds Ihe study of reflex factors in cardiac astlmia would 
appear to offer a fruitful field but httle is know n as y et 

Cerebral Factors —1 raser* and oth^ have thought tliat the 
paroxysmal dyspnea of left ventncular failure is due to dunmished 
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blood flow through the respiratory center This theory ^^ouId 
appear to be dispro\ cd by the finding of Weiss and Robb that the 
cardiac output may be normal m cardiac asthma, and by the 
observation of Harrison that the arteriovenous gas differences 
between the arteries and the internal jugular vein are normal in 
this condition 

Ischemia of the respiratory center due to cerebral aricriosclerosi^ 
and cerebral angiospasmc has also been considered as the basis of 
some attacks of paroxysmal dyspnea, especially m hypertensive 
indmduals According to Volhard,*’ sucli attacks of "cerebral 
asthma" are apt to be associated with other focal cerebral symp- 
toms and with periodic breathing, do not lead to pulmonary edema, 
and do not necessarily develop in the recumbent posture But he 
admits that the differentiation from true cardiac asthma is often 
difficult, and it seems probable that "cerebral asthma" is a rarity, 
if it occurs at all 

Eppmger’a Theory of Hypercirculation —In the foregoing, it has been 
seen that most attacks of carduc asthma are probably precipitated by 
factors which increase the venous return to the heart Tins conception is 
largely duo to the studies of Eppinger von Pspp and Schwarz * Their 
investigations originated m the ol^rvation m patients with cardiac asthma 
that when the superficial veins on the back of the hand were emptied by 
strikmg, they renilcd very rapidly They considered tins an uidication 
of acceleration of the circulation Eppinger and ins associates then found 
that in many instances of cardiac asthma Uic cardiac output mcrcascs dur- 
ing the day, to reach an abnormally high level durmg the cvemng hours 
They also found that morplime the sovereign remedy for cardiac asthma, 
decreases the cardiac output On the basis of these and other observations. 
Eppinger beheics that paroxysms of cardiac asthma result from increased 
venous return to the heart which the weakened left ventricle is unable to 
liandle adequately, with resultant pulmonary engorgement and dyspnea 
Ho considers that the functional capacity of the already weak left ven- 
tricle IS further decreased at night because of a by pothetical decrease m tone 
due to vagal predominance dunng sleep Eppinger and his associates 
attribute tiic increased venous retuni to pcnpheral vasodilatation, allowing 
the blood to pass more readily from the arteries to the vems They believe 
a variety of causes responsible for the va-sodilatation and circulatory 
acceleration including impairment of the buffering power of the tissues by 
overproduction of lactic acid and nocturnal retention of carbon dioxide 
They also consider it probable that psychic factors, including dreams, some- 
times play a part in accelerating the circulation 

Eppmger’s work rendered a service by calling attention to increase 
in Venous return as a precipitating factor of cardiac asthma But the 
contention that the cardiac output may be mcreased above the normal m 
cardiac asthma has not been substentiated, and would seem to be based on 
observations with inaccurate technic Using the most accurate method 
available, that of direct puncture of the right auricle (page 35), Lautcr* 
found the cardiac output decreased m a patient with cardiac asthma 
Weuss and Robb” found the cardiac output dunng the attack either un- 
changed or dccrca&cd nev cr increased Eppinger s conception of pcnpheral 
vasodilatation m cardiac asthma seems purely hypothetical 
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Summary.— Mutli remains to be learned regarding the causation 
of cardiac asthma Tlie foUmving perhaps summarizes present 
knowledge. Cardiac asthma is almost alwajs a sjTnptom of left 
\cntncular failure Like Uie exertiotial d>spnci of ]eft*sided heart 
failure, cardiac asthma is a maiuftstation of pulmonary engorge- 
ment The actual paroxjsm is precipitated by intensification of 
pulmonary engorgement, which may become so marked as to 
produce pulmonary ciieiua \Vl\at » largely obscure \% the cause o! 
the increase in pulmonary engorgement that brings on the attack 
The combination of the recumbent position and sleep .appear to be 
of fundamental importance WiUi a weakened left ventricle, the 
recumbent position predisposes to pulmonarj' engorgement because 
it entails a shift of blood from the abdomen aud lower extremities 
to the lungs And the diminished sensitivity of the nervous system 
during sleep perhaps allows this engorgement to attain a higher 
degree than would otherwise occur Among the other factors 
which may participate in the nocturnal intensification of pulmonary 
engorgement arc dreams, cough, and tiic resorption of manifest or 
occult edema when recumbent 

IMiy nocturnal paroxysms of cardiac asthma arc so much rarer 
m the pulmonary engorgement of mitral stenosis than m that rf 
left ventricular failure remains to be explained 
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CHAPTER IX 


PERIODIC BREATHING 

The spectacular phenomenon of periodic breathing was first 
brought to the general attention of the profession by the observa- 
tions of the Dublin clinicians, Cheyne* and Stokes,*** on patients 
whom they considered to suffer from fatty degeneration of the 
heart. Since then, Cheyne-Stokes breathing has been used by 
many as a generic term for periodic respiration. Others restrict 
the term to tlie tjpe of periodic respiration described by the Irish 
clinicians, in ^\hich the period of respiratory activity is marked by 
gradual waxing and waning of the depth of the individual respira- 
tions. The term Biot* breathing is used for the variety of periodic 
breathing, encountered especially in meningitis and other intra- 
cranial disease, in which the individual breaths are of about the 
same depth, the respiratory periods starting and ending abruptly. 
But the distinction is in no way fundamental and there are many 
intermediary forms. 

OCCURRENCE OF PERIODIC BREATHING 

Despite the ominous prognostic significance justly attributed to 
Che>ne-Stokes breathing in disease, it occurs under a variety of 
circumstances in health. Occasionally, there is distinct periodicity 
of respiration during sleep w hich, especially in the \ ery j oung and 
the very old, is sometimes marked enough to warrant the term 
Cheyne-Stokes breathing. During the hibernation of the Mjoxus 
and other forms, periodic breathing b present (Mosso‘*). It is not 
uncommon at high altitudes, particularly after slight exertion and 
during sleep, and was long ago described by Mosso as an outstand- 
ing sjmptom of mountam sickness The apnea whicli follows 
hyperventilation may be succeeded by Cheyne-Stokes breathing. 

Concerning the occurrence of periodic breathing in disease, 
Cheyne and Stokes thought it characteristic of fatty degeneration 

* Periodic breathing bad previously been obeerved by John Hunter and by 
Nicholas." a phj-sician of Grenoble Nicholas, id 1786, deecnbed the breathing of 
a eick officer of cight>.<)ne }ean as foUovs "But what indeed more extraordinary 
than this irregularity (of the pulse) was an absolute Buepension, a cessation of the 
movements of the lung for taent}-five or thirty seconds, at each thirty-fifth or 
thirt>-8uth respiration, then the play of the organ was reestablished litUe by little, 
and by a very ev idcnt gradation it resumed its ordinary energy, to stop again almost 
at the indicated instant ” Gibson" considers it likely that the followmg sentence 
from the Hippocratic First Book of the Epidemice refers to Cheyne-Stokes breathing 
"The respiration throughout, like that of a person recollecting himself, was infre- 
quent and deep.” The interpretation seems dubious to me A splendid histoiical 
survey of Cheyne-Stokes breathing is given by Gibson 
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of the litart but it maj occur m practicallj all \aneties of cardiac 
iiibufficicncj riic most common cause is failure of the arterio- 
sclerotic heart e^peciall\ a\hcn this is associated with hjpcrtension 
cerebral arteriosclerosis or uremia Chej nc-Stokes breathing has 
seemed to me dccidctllj more common w hen the cardiac insufRtiencj 
involves primarily the left ventricle as in 1 jpertensive coronary 
and aortic disease than in cuxulatorj failure secondary to mitral 
stenosis QC pulmouati dtscdse On the cate occasions that Cheynft* 
Stokes breathing occurs m such acute infections as pneumonia 
or tjphoil fever other evidences of circulatory failure are also 
present 

Ihe other great class of diseases in which periodic breathing 
occurs involve the brain particularly with increased intracranial 
prusurc Vmoiig tlicse conditions are cerebral hemorrhage and 
thrombosis tuberculous and other forms of meningitis brain tumors 
(especially of the brain stem) hydrocephalus intracranial aneu 
rysms edema of the brim general paresis and otier forms of 
svphilitic brain disease and acute an 1 chronic cnccphalitidcs 
1 inallj Clicj nc-Stokes breathmj, may result from the admvui^ 
tration of narcotics Of these by far the most important as first 
observed by Iraubc” is morphine this is so common a cause of 
pcnoilic breathing especially lu arteriosclerotic individuals that 
on observing the phenomenon I always ask immediately whether 
morphine has been administered Mco! I barbital derivatives 
and other Inpnotics may also induce Cheyne-Stokes breathing 
particularly when cerebral arteriosclerosis is present 
In the various states m which Cheyne-Stokes breathing occurs 
the phenomenon is often present only when the patient is asleep 
to disappear on awakening Ilamson'^ has pointed out that 
Cheync^tokes breathing is especially closely connected with the 
state when falling asleep and may disappear when sleep becomes 
deep 

rxperimcntally Cheyne-Stokes breathuig was first produced by 
Scbiff ‘ who observed in nnunal expcnincnts tl at pressure on the 
medulla oblongata results m the typical vvaaing and waning respira 
tion Since then Cl ey ne-Stokes respiration has been produced 
by a variety of means including the administration of morphine 
and other narcotics and vanous procedures resulting in cerebral 
anoaemia this will be considered further in connection vvith the 
pathogencs s 

CLIKICAL PICTURE OF PERIODIC BREATHING 
The Respiration —The onginal descnptiou of Cheyne is classical 
lor several days lus breaUung was irregular it would entirely 
cease for a quarter of a mmute then it would become perceptible 
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though \er> low, then by degrees it isould become heaving and 
quick, and then it would gradually cease again this revolution in 
the state of his breathing occupied about a minute, during which 
there were about thirty acts of respiration ” 

In tjqncal Chejme^tokea breathing, the spacing of the suc- 
cessive respiratory phases is generally quite rhythmic, the length 
of the individual periods of apnea is almost if not perfectly equal 
and the same is true of the periods of respiratory activity During 
the crescendo phase of the latter, the breathing accelerates as it 
becomes progressively deeper, the reverse is true in the diminuendo 
phase During the apneic period, no movement of the chest is 
discermble and, as the original observers noted, the patient may 
appear dead until breathing starts again The lengths of the 
respiratory and apneic periods varj greatly, the former being usu- 
allj somewhat longer In 12 cases Sansom** found apnea to last 
between ten and forty seconds, respiration between fifteen and fiftj- 
five seconds He quotes a case in which each period occupied two 
minutes, and I have seen apneic periods of about 5event>-five sec- 
onds the ev cmng before death With long apneic periods, c> anosis 
may deepen strikingly tow ard the end of each respiratory standstill 
This may be accompanied by muscular twitchings, especially m the 
face 

In other instances of periodic breathing, the respiratory periods 
occur at entirely irregular interv als They may be of v arv mg length 
and there are no regular ascending and descending phases as in 
tjpical Che> iie-Stokes breathing This tvpe of periodic respira- 
tion was onginailj described bj Biot,* after whom it is called, as 
occumng m meningitis but is also seen on rare occasions in other 
conditions 

Occasionally, there is an abortive movement of the chest m the 
midst of apnea At tlie height of djspnea, the breathing may be 
V erj laborious, the patient calling into play the accessory muscles 
of respiration, grasping the side of the bed, and attempting to lift 
his head Jn other cases, even though the seusarium is unimpaired, 
the deep breaths are drawn without evident distress, t e , there is 
hjperpnea but not djspnea In a description of Chej ne-Stokes 
breathing from which he suiTered, VogI” states that he was unable 
voluntanlj to draw a deep breath during the apneic penod, but 
I have several times induced patients to draw breaths during this 
period 

Circulatory Penodiaty m Cheyne-Stokes Breathing —Periodic 
changes m the circulation airrelatcd with the phases of Chej ne- 
Stokes breathing have been extensively studied, largely in the 
effort to elucidate the penodiaty of respiration Sometimes, little 
change in blood pressure or heart rate can be detected by the usual 
11 
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clinical methods But m other instances rh>thmic alternations in 
blood pressure and pulse rate arc pronounced 

In climeal eases of Clicjnc-Stokcs breathing due to increased 
intracnnial pressure, as in the experimental forms (page IGS), the 
studies of Cushing* and Ljstcr’® have shown that the blood pressure 
rises and tlie pul&c rate slows during respiration and tlic re\erse 
occurs during apnea 

Wicn tbe periodic breathing results from cardiac arterial or 
hjiiertcnsit e disease or morphine intoxication the relations 
between respiratory octuity and blood pressure arc different and 
not so simple In 8 coses of cardiac ond arterial disease with 
Cheyne-Stokes brcatlimg Lystcr found that the blood pressure 
rose during apnea and fell during respiration i e the reverse of 
what occurs m increased inlracnniol tension The observations 
of Clark and Ilamill* were somewhat dilTerent In a patient with 
moriiUinc poisoning 2 with artcnosclcrotic heart disease and 1 
with 0 cerebral vascular accident tlicy found (he most striking 
clnnge in blood pressure to be a fall in the last half of or throughout 
apnea with a rise during respiration which was sometimes prolonged 
mto the first part of apnea In an instance of morphine poisoning 
studied by Ldens * the systolic pressure was only -10 mm at the 
beginning of apnea rose to 180 mm in the midiHc of a]mea to sink 
'ig'iin to 40 mill at the beginning of respiration In several cases 
observed by tlic writer there was no constant change in tho arterial 
pressure though more often it fell toward the end of protracted 
apnea It w ould appear that factors Imv mg opposite effects on the 
blood pressure tome into play during Oicyne-Stokes breathing 
On the one hand diminution m tbe venous return to the heart as a 
result of the respiratory standstill and asphyctic weakening of the 
heart tend to lower the arterial pressure as apnea lasts it is pre 
sumably these factors which result u\ the elevation in venous 
pressure during apnea described by ^leyer and Middleton On 
the other hand the asi^hy-xia during apnea produces vasoconstriction 
and tiuis tends to elevate the artenal pressure Ihe resultant of 
tlicse opposing factors may vary m different cases (See also 
page 16S ) 

Interesting observations on periodic changes m heart rhythm in 
a patient with Chey ne-Stokes respiration were made by Resnik 
and Lathrop-* loward tlic end of eadi apneic penod there 
appeared displacement of tbe pacemaker to the aunculo ventneu 
lar node and the bundle branches of tlie mam stem of the con 
duction system depression of aunculo-ventncular conduction and 
conspicuous slowing of impulse formation at the smo auricular 
node lhat these changes were due to vagal stimulation was 
shown by their abolition by atropine 
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Nervous and Ocular Accompamments of Cheyne-Stokes Breath- 
ing.— Periodic respiration, of course, often occurs m comatose 
patients, ^\hlle in other cases consciousness is preserved at all 
times An interesting and not uncommon phenomenon is for 
consciousness to be lost during apnea, to reawaken with each penod 
of respiratory activitj , the patient opening his e> es and even con- 
%ersing with bystanders 

Leube” long ago described rhythmic changes in the pupils during 
Cheyne-Stokes respiration, contraction during apnea and dilata- 
tion m hypcrpnea But in many cases there is no appreciable change 
m the size of the pupils The pupillary fluctuation, when present, 
IS probably an exaggeration of the slight fluctuation which has been 
observed to accompany the drawing of a deep breath even m health 
and particularly in comatose patients with continuous hypcrpnea 
Conjugate deviation and nystagmus have been observed to accom- 
pany the pupillary contraction Not uncommonly, the ey ehds are 
shut in apnea and open m hypcrpnea Rhythmic fluctuations m 
the caliber of the retinal vessels with contraction during apnea have 
been noted in some cases but not m others 

DURATION AND PROGNOSTIC SIGNIFICANCB OF FBRIODIC 
BREATHING 

Slight waxing and waning of respiration during sleep, especially 
m the very young and the very old, is of little significance Dia- 
metrically the opposite holds for true Chey ne-Stokes breathing with 
notable periods of complete apnea, it has long been regarded as 
a harbinger of death, and indeed m most instances does indicate 
that the end is not far distant But there are also circumstances 
m which recovery follows a period of Cheyne-Stokes breathing 
This occurs on rare occasions m pneumonia and other acute infec- 
tions I have seen recovery m a patient with periodic breathing 
of the Biot type in meningococcus meningitis In brain tumors 
and otlier mtracramal lesions, decompression may be followed by 
resumption of regular respiration, I have seen this follow lumbar 
puncture m the malignant phase of essential hypertension where 
the cerebrospinal pressure was veiy high In periodic breathing 
due to cerebral hemorrhage or thrombosis, survival of the acute 
episode is not a great rarity, although the respiratory periodicity 
13 decidedly a grave prognostic indication 

In the hy^pertensiv e mdividuab with coronary and cerebral 
arteriosclerosis who constitute the great contingent of cases with 
Cheyne-Stokes breathing, the outlook is very grave But even 
here there are cases m w Inch the course is protracted and ev en some 
m which sufficient improv ement for the patient to leave bed occurs 
Thus, I recently saw a patient with hypertension and coronary 
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and cerebral arteriosclerosis m whom Che^ne-Stokes breatlung Mas 
present almost contintiouslj for six weeks, which cleared up after 
an intravenous injection of aminoph>nin and who left the hospital 
on foot Sansoin ‘ mentions cases in tlie aged m uhich Chejne- 
Stokes breathing was present for months, including one m a gentle- 
man, aged ninety two jears, who had had the sign for many jears, 
although lu, was otherwise quite wdl It is often possible to render 
the breallnng regular for at least a time by therapeutic measures 
(page 78 o) 

PATHOGJ3NESIS OP CHEYNIJ-STOKES BREATHING 

The first notCMortli> tlieorj of the mechanism of Cheyne-Stokes 
breathing was advanced b> Iraubc** lie observed that the phe- 
nomenon occurs in two groups of caso namely, those with an 
intracramul lesion in the presence of an intact heart, and those with 
cardiac disease but no change m the contents of the skull He 
reasoned that the patliogciietic factor common to these two scera- 
inglv dissociated states is a diminished supply of arteriolizcd blood 
to the brain Traubc was of the opinion that this decrease m the 
arterial irrigation of the brain produced periodic breathing through 
the intcrmealiacv of diminution in the irntabilitj of tJie respiratory 
center as a result of 0x5 gen dcGcienc> In supjiort of this view he 
ndducctl his observation that morphine often brings out Cheyne- 
Stokes breathing in utlicrof the above classes of cases As a result 
of the diminished irritability of the respiratory center, there is 
apnea until a high concentration of carbon dioxide accumulates 
in the blood Ihc accumulated carbon dioxide stimulates the 
%agal and other nerve endings and thus initiates respiration The 
resultant <lecp breatJung agim depletes the carbon dioxide of the 
blood so that there is another pcrioil of apnea and the cycle is 
repeated 

Closer consideration of Traube s theory show s that it contains 
no actual explanation of wJiy cerebral oxygen deficiency results m 
periodic breathing and not merely continuous hyperpnea Never- 
theless be ihscerned three of the pathogenetic factors which have 
since dominated the searcli for the mechanism of Cheyne-Stokes 
breathing cerebral oxygen want, deficiency of carbon dioxide m 
tlie arterial blood and diminution in the sensitivity of tlie respira- 
tory center In tlic foUowmg, we shall consider these factors indi- 
vidually 

Oxygen Deficiency —There is good evidence that oxygen defi 
ciency is concerned m the genesis of at least some forms of Cheyne- 
Stokes breathing It was mentioned above that periodic breathing 
13 common during residence at high altitudes and that it occurs in 
mountain sickness 
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Douglas and Haldane® produced Cheyne-Stokes breatking by 
t^^o procedures m winch anoxemia occurs The first nas by means 
of voluntary hyperventilation observed that m many indi- 

viduals the apnea which follows protracted hyperventilation is m 
turn succeeded bj several cjcles of periodic breathing The course 
of events m this experiment would seem to be as follows Hyper- 
ventilation diminishes the carbon dioxide content of the arterial 
blood to a level far below tlie threshold for stimulation of the 
respiratory center The result is apnea During the apnea, the 
OX} gen of the blood is depleted and carbon dioxide accumulates 
But before the carbon dioxide content of the arterial blood reaches 
the threshold for stimulation of the respiratory center, anoxemia 
becomes sufficiently marked to initiate breathing Ihe ensuing 
respiration relieves the anoxemia but at the same time enough 
carbon dioxide is blown off again to produce apnea so that the 
c}cle IS repeated 'Ihe reason that the periodic breathing does not 
continue indefinitely is that with each apncic period the carbon 
dioxide pressure in the blood reaches a higher level, until after 
several c}cles it surpasses the threshold for stimulation of the 
respiratory center and breathing becomes continuous Evidence 
that the oxygen deficiency actuall} produces the periodic breathing 
m this experiment is afforded b} Doughs and Haldane's further 
observation that if the initial h} perv cntilation is earned out m an 
atmosphere of high ox}gin concentration instead of air, the ensuing 
apnea is greatly prolonged but is succeeded bv regular and not bv 
periodic breathing Douglas and Haldane also induced periodic 
breathing b} having the subject breathe through a long tube con- 
taining soda lime to absorb carbon dioxide, a procedure which 
likewise produces anoxemia and carbon dioxide deficiency 
The periodic breathing following h} pcrvcntilation would thus 
seem to be an expression of the transference of the ‘ lead ’ in the 
chemical regulation of respiration from the carbon dioxide to the 
ox}gen coefhcient Ihe appearance of periodic breathing under 
these circumstances is further mtcnireted by Haldane'® as follow s 
Under the usual circumstances of life, chemical regulation of respi- 
ration IS effected jinmanl} through tlie carbon dioxide of the blood 
But, despite its great sensitivity to shifts in tlie jiartial pressure of 
carbon dioxide iii the blooil, the rcspiratorv center reacts some- 
what slowly to such changes, it mav be said to have a certain 
‘‘inertia” Ihis inertia is due to the fact that the tissues have 
various buffering mechanisms and an appreciable capacit} for 
storing carbon dioxide, so tint some time elapses before changes 
m tlie Itv el of the carbon dioxide of the blood arc transmitted to the 
tissues of the respirator} center and tlius affect breathing This 
IS a ver} useful adaptation, for it prevents sudden changes in 
respiration during ph}sical exercise, speaking, etc Haldane draws 
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ail analogy between the function of carbon dioxide m keeping 
rtipiralion "smooth” and the similar action of Uie ilywheel of a 
steam engine But c-onditions arc different if oxjgen deficiency 
becomes so pronounced as to stuiiuhtc respiration The tissues 
are belie\t'd to liaac little storage capacity for oxjgen, so that 
bj^penmea is quickl> mdiiccd, respiration becomes jerkj and, m 
Haldane’s analogy, like tiie action of a steam engine without a 
flj'whecl 

Furtlier suiiport for the conception that 0 x 3 gen deficiency plays 
a part m tlie production of clmtcnl Chej no-Stokes breathing was 
afforded by the observation of I’embrcj and iVllcn"* that the respi- 
ration 13 rendered continuous by tlic inhalation of high concentra- 
tions of oxjgen However, subsequent observers liave found that 
this 13 not alwajs the case While UhJenbruck*® also relieved 
Chej ne-Stokes breathing by the administration of ovj gen, he found 
tliat the effect wore off and tlic periodicity returned despite con- 
tinuance of the oxjgeu tlicrapj Dautxebande and Regmer,’ 
Anthonj, Colin and Steele,' and Ifamson" also observed Chejne- 
Stokes breathing in which oxjgcn therapy did not completely 
abolish the periodicity But even in these cases, apnea is usually 
prolonged and tlie respiratory phase quieter Ox> gen lias had little 
clTcct in several cases of my observation, but on two occasions I 
have observed quick return to continuous respiration which lasted 
for the several hours winch the patients were kept in the tent 

Analjscs of the. arterial blood show tliat whatever the r6Ic of 
cerebral oxjgcii dc£ciciicy m the production of Cheync-Stokes 
breatliing, it la not alwajs due to arterial anoxemia WTiiIe the 
oxjgcn saturation of the arterial blood fills during apnea and rises 
during respiration (Antiionj, Cohn and Steele'), cases have been 
observed (r by Resmk and Latlirop”) in which it is alwajs 
witliin normal limits Studjmg tlic average composition of arterial 
blood tliroughout a rcspiratorj ijclc, Harnson and Wdkms" found 
anoxemia in 11 of 18 patients, and o^gen saturation above 90 per 
cent m the remainder, the saturation was above 93 per cent in 
4 cases and was therefore entirely normal In the cases with 
sucli higli arterial oxjgen saturation, it is not surprising that the 
inhalation of oxjgen has little effect on the periodicity of the 
breathing even tliough cerebral oi^gen deficicncj is concerned m 
its production 

Cimical observation shows that oxjgen deficiency per se does 
not suffice to cause Chej ne-Stokes breathing For patients with 
right ventricular failure secondary to pulmonarj lesions and those 
w-ith congenital heart di^ase, who may be deeply cyanotic for 
years, rarely develop periodic respiration It is thus evident that 
oxjgen deficiency calls forth CbejnirStokes breathing only under 
certain conditions and m associations with other factors 
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Carbon Dioxide Deficienc7 —Depression of the carbon dioxide 
tension of the arterial blood fa\ore tlie development of Cheyne- 
Stokes breathing In the expenmeiital periodic breathing pro- 
duced by Douglas and Haldane* by hyperv entilation, carbon dioxide 
deficiency is concerned (page 165) Of 18 patients with Cheyne- 
Stokes breathing studied by Harrison and Wilkins “ the carbon 
dioxide tension in the arterial bloodwas belo\v normal in 13, within 
the normal range in 3, and above normal m 2, one of the latter 
was moribund and the other was sleeping when the blood was 
drawn But the most important evidence indicating the relation 
of the carbon dioxide tension of the blood to Cheyne-Stokes breath- 
ing was obtained by Pembrey and Allen,” who showed that the 
inhalation of carbon dioxide renders the respiration regular This 
has been confirmed by Anthonj, Cohn and Steele* and others and 
I ha\e repeatedlj obser\ed it However, low carbon dioxide pres 
sure m the arterial blood is not a necessary condition for the occur- 
rence of Chejne-Stokes breathing Thus in morphine poisoning 
respiration may be periodic despite \ery high carbon dioxide pres- 
sure in the arterial blood But even when the carbon dioxide ten- 
sion of the blood is not depressed inhalation of the gas abolishes the 
periodicity of the breathing showing that the occurrence of the 
latter is conditioned by a carbon dioxide pressure which is relatively 
low m comparison to other factors m the regulation of respiration, 
notablj the sensitivitj of the respiratory center 

The Beaction of the Blood —Hyperventilation may depress the 
carbon dioxide and consequently the hjdrogen ion concentration of 
the arterial blood below the normal Such was the case in 9 of 
Harrison s 18 patients w ith Che^ ne^tokes breathing Sev eral 
investigators have considered the possibility that depression of 
hydrogen ion concentration Uirough the inhibitory effect on the 
dissociation of oxyhemoglobin may intensify oxygen want m the 
tissues, and thus be concerned in the genesis of Cheyne-Stokes 
breathing 

Bimmished Imtabihty ot the Bespiratory Center —Tins factor is 
of primary importance m the genesis of some forms of Cheyne- 
Stokes breathing It was mentioned above that Chev ne-Stokes 
respiration can be produced experimentally by the administration 
of morphine And patients with conditions predisposing to Cheyne- 
Stokes breathing {e g , artenosclerotic heart disease with left 
ventricular failure) are often thrown into periodic respiration by 
morphine Cheyne-Stokes breathing often occurs during sleep m 
individuals who breathe rcgulariy when awake, and is said to be 
tlie rule in hibernating animals It would setm that both sleep 
and morphine lead to Cheyne-Stokts breathmg by depressing the 
imtabihty of the respiratory center This conception is in good 
accord with tlie fact that in Cheyne^tokes breathing evoked by 
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morpliiijc and someUmcs by sleep, the carbon dioxide tension of 
tilt blood IS tievoted % factor which ordinarily militates against 
pcrioiiic breathing ilic mechanism bj whicli morphine leads to 
CUejne-StoUs breathing jna> well be similar to that of periodic 
respiration due to Inpervcntilation lor tlie depression of the 
rcspiratorj center so dimmislics ventilation that anoxemia results 
And It IS to be presumed that the depression of the respiratory 
center includes delation of its threshold for carbon dioxide which 
tomes to tJic same as decrease in the carbon dioxide tension m 
the bloffll due to li>pi.r\ciitilition ITie result is that the lead 
m the clituutal regulation of respiration is transfcrrctl from carbon 
dioxide to oxjgcii and periodic respiration is produced in the 
fashion described on pnge 165 

Increased Intracranial Pressure —Tlic experimental mvestiga 
tions of Lcjden ** Aauniii and Schrcibcr and especially Cushing* 
and Lister'* dcmonstratctl long igo that the rh>thmic undulations 
of blood pixssure resulting from increased intracranial tension are 
accompanied bj sMichroiious respirator} waves In these cases 
blood pre-asure rises during respiratory activity and falls during 
apnea I jstcr found that tlie periodicity of respiration m experi 
mentally mcrcascd uitracramal tension is pruent only as long as 
tiic rhithmic variations m blood pressure persist llic blood pres- 
sure altcrintcU rises anl falls below the level of the mtracranial 
tension and is parallcltvl by the respiration and heart rate 

Iht parallel oscillation of respiratory octivitj and of blood 
pressure above and below Uie height of the intracranial tension 
indicate that the mechanism of Chevne-Stokes breathing m cases 
with great elev ition of intracranial pressure is as follows 'When 
the intracranial tension reaches a level above the arterial pressure 
the blood sujipl} to the medullary centers is cut off While up to 
a certain limit curtailment of blood flow through the respiratory 
center stimulates it more severe isclitmia results m depression of 
respiration prcsumablv as a resiiU of oxygen want (Schmidt*’) 
Ihis apparently is the manner m which apnea is produced bj 
increased intracranial pressure llie vasomotor center on the 
otlierhand responds by inducing a rise in arterial pressure L>ster‘* 
found that it is not nearly so susceptible to ischemia as is the 
respiraton center and often responds when m a condition of com 
plcte ischemia The resultant nsc in blood pressure above the 
mtracrvmal tension rtheves the isclieraia of the respirator} center 
so that brcithing starts But tlie ischemic stimulus to the vaso 
motor center is Uien eliminated witli the result that the blood 
pressure drops the it-spiratorv tenter again ceases its function and 
a new cjcle is initiated In other words the respirator} periodicit} 
of increased intracranial pressure is secondary to circulatory 
periodicity 
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The mechanism of Chej ne-Stokes breathing m brain tumors, 
cerebral hemorrhage, fractures of the skull, and other conditions 
with \ery greatlj increased intracranial pressure thus seems quite 
clear The question anses whether increased intracranial pressure 
does not play a part in the causation of some instances of Chej ne- 
Stokes breathing due to heart failure and hypertension Elevation 
of \enou3 pressure due to right heart failure is always accompanied 
by corresponding increase in cerebrospinal pressure \Mien essen- 
tial hypertension enters the malignant phase with the development 
of papilledema, tlie mtracran/al pressure is elevated, I have repeat- 
edly found the pressure of the cerebrospinal fluid in such patients 
above 300 mm of water in the absence of heart failure On several 
occasions, I hav e observ ed in these patients Chey ne-Stokes breath- 
ing which could not be attnbutc^d to heart failure Indeed, the 
entire clinical picture sometimes simulates that of brain tumor 
Elevation of the pressure of the cerebrospinal fluid m individuals 
with Chey ne-Stokts breathing has been reported by "Moeller** 
and others Moeller found that the elevated pressure was higher 
during respiratory activity and lower during apnea Lhlenbruck” 
and Carnot, Caroli and Freher* hav e show n tliat the periodicity of the 
respiration m such cases can sometimes be abolished by lumbar 
puncture, I have made a similar observation 

In view of these findings, it would seem that elevation of intra- 
cranial pressure is sometimes a significant factor in the genesis of 
periodic breathing in lieart failure and the malignant phase of 
essential hypertension, how often, remains to be determined Pre- 
sumably, the increased intracranial tension accentuates the cir- 
culatory disturbance m the raeiluHa due to the heart failure 

Decrease m Cerebral Blood Flow —It has repeatedly been sug- 
gested that decrease in circulation through the medulla may be 
concerned m the production of Cliev ne-Stokes breathing Greeley 
and Greeley “ have produced periodic breathing experimentally by 
curtailment of blood flow tiirough the brim of the morphmized 
dog, the reader is referred to tlieir paper for a discussion of the 
mechanisms involved, which seem obscure It has appeared to me 
that Chey ne-Stokes breathing is csjiccially common in those cases 
of hypertensive and arteriosclerotic heart failure in which there 
are palsies or other signs of arteriosclerotic disease of the brain 
However, it does not seem that anatomically demonstrable changes 
m the medulla or its vessels are often concerned, for m histological 
examinations of the medulla lu 12 cases w ith Chey ne-Stokes breath- 
ing, Rosenblueth and ^Yasst^mann** found arteriosclerotic changes 
in only one Chey ne-Stokes breathing is especially apt to ensue 
111 hypertensive and arteriosclerotic heart failure after the blood 
pressure has fallen somewhat, and this factor may play a part in 
cutting dow n the blood flow through the brain 
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Summary —rrom the fon^mg discussion it is obvious that 
the patliogcncsis of Chtync-Stokes breatliing ui circulatory failure 
has not been entirely elucidated It %ouId seem tliat periodic 
brcatliing results from an imbalance among tlie various coefficients 
regulating respiration Ihere is evidence that such imbalance can 
result from the following derangcmuits 

1 O'Ogt'U deficiency 

I Dccc<jisi. ux tlui eaxbou, ^ tivts MVtina\ WtioA 

3 Diminution m the sensitivity of the respiratory center 

4 Increase m mtraerimal tension winch jiroduces respiratory 
periodicity indirectly through the intermediacy of cerebral ctrcula 
tor> periodicity 

5 Decrease m cerebral blood flow 

Ljcperimentally it has been shown that each of these coefficients 
under appropriate conditions can produce ChejnoiStokes breathing 
And there is clinical evidence tliat cacJi of them may participate 
m die Chc>ne^tokc3 respiration of human cardiac failure Most 
often if not mvatiabli it would appear that heart failure results m 
periodic respiration onl> through tlie coincident action of more 
than one of the above factors Not uncommonly indeed there is 
clinical evidence that all five factors function m an mdividual case 
The more intimate mechanism through whicli these factors produce 
Che> nc*Stokes breathing is largely obscure m many cases at least 
It mav be the transference of tlie lead m the regulation of respira 
tion from carbon dioxide to oxygen which has been showm expen 
mentally by Douglas and Haldane to produce periodic breathing 
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ClIAPTUa X 
OUTIIOPNEA 

In each of the vanctioa of caufjac (J.\spnca— exertJOJoal, par- 
oxjbmal, and pcnodjc— the sufferer often finds his respiratory 
distress much ameliorated when lie sits up Such orthopnea may 
be of \arjmg degrtts Witu slight, an additional pillow maj he 
all the patient requites to rcmlet him tomfortable But with 
maximal orthopnea not onl) is the \ictim forced to sit up clasping 
the silk* of the bed or cliair to fix his shoulder girdle and thereby 
aid tile atiessorj imisclts of rtspiratioii, but he insists on having 
hisktt hniigdown, iiarcly sitting up m bed with the lower extremi- 
tics horizontal, even though he is comfortably supported, does not 
sufhco Imn. Sucli orthopntic patients may live for necks or months 
m a chair L^tn though their lower extremities swell enormouslj 
and tile grotesquely tliickeiicd alxloiuinal wall hangs like an apron, 
they cannot he pcrsuadevl to return to bed In extreme orthopnea, 
particularly in acute episodes, the victim often does not hold his 
head and trunk upnglic even though he he supported m tins position 
so that It costs him no physical exertion, but prefers to bend forward 
wiUi back and neck ficACil, and supported by the upper extremities 
which cla<p the side of the bed or some other support Less often 
the patient, particulnrh wJien sleeping, prefers to extend his head 
on top of an elevated pillow 

\Vhile cariliac dyspnea is the favonto domam of orthopnea, it 
also occurs m other varieties of shortness of breath ^\hcnevc^ 
the vital capacity is greatly dnnmishc'd, orthopnea is apt to appear, 
for example, in large pleural effusions or pneumothorax Tiie 
dyspnea of pneumonia, emphysema, or other pulmonary diseases 
may or may not be accompanied by orthopnea, probably largely 
depending on the extent to which the re-spiratory difficulty is due 
to vfuninutvon m v ital cajiacrty In bronchial asthma, ortliopnea 
xs often agonizing IV/tfr tuiaaes or aneu/y sms compressins the 
mediastinum, breathing may be easier m the upright or some other 
position, depending on which posture relieves tlie compression 

On the other hand, orthopnea is not to be regarded as merely a 
manifestation of severe hyperpnea Torm hyperpnea which is not 
associated witli decrease in vital capacity— for example, in diabetic, 
uremic or other acidosis, severe anemia, fever, or penpheral cir- 
culatory failure— no matter how great the hyperventilation, the 
patient is generally content to remain fiat in bed even though bis 
sensonum be unimpaired 
( 172 ) 
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PATHOGENESIS OP ORTHOPNEA 

There ha\ e been a number of attempts to explain the amelioration 
of dyspnea m the erect posture In general, the mechanism of 
orthopnea in heart failure has been sought along four main lines 

2 Facilitation of pulmonary ventilation in the upright posture 

2 Diminution in pulmonary engorgement when erect 

3 Decrease in venous return to the heart vvith the upper part of 
the body elevated 

4 Relief of venous stasis m the medufh when erect 

Pulmonary Ventilation and Orthopnea —A number of investi- 
gators have thought that the cause of orthopnea lies in more efficient 
ventilation of the lungs in the erect posture Christie and Beams* 
found, m both healthy and orthopneic subjects, that v ital capacitj 
13 greater witli the trunk erect They observ ed the v ital capacity 
to be greater when sitting in about 80 per cent of their normal 
subjects, in almost all the remaining 20 per cent, there was little 
change with posture, and only rarely was the vital capacity greater 
m the reclining position On the average, their 200 healthj subjects 
had 5 5 per cent less vital capacity when supine In cardiac 
patients, the increase in vital capacitv on assuming the erect posture 
was much greater Calhoun* and his associates also observed the 
vital capacity to be greater in the sitting posture Both groups 
of investigators found that in cardiac patients the vital capacity 
averaged about 27 per cent greater m the erect position According 
to Calhoun el al , the change in vital capacity with posture parallels 
the seventy of the heart failure 

r'Faticnts with cardiac dyspnea are in the dilemma of having 
increased ventilation m the face of decreased vital capacity (page 
128) llic increase m vital capacity in the erect position would 
therefore seem a very obvious explanation of orthopnea m cardiac 
dyspnea That respiration is actually more efficient m the erect 
posture is shown by the studies of Haldane, Meakms and Priestley,** 
w ho found that “ the recumbent position is normally associated with 
iicepciiHig cS the jespisatim mod tJbat jf the deepening 
13 prevented symptoms of anoxemia are produced ” In cardiacs, 
the diminution in vital capaaty may be great enough to prevent 
such compensation by deepening of respiration when the patient is 
reclining, and ortliopnea results 

The significance of the increased vital capacity in the erect 
position for the pathogenesis of orthopnea has not gone altogether 
unquestioned Ernstene and Blumgart* found that in their orthop- 
neic patients the vital capacity averaged only 8 3 per cent less in 
tlic recumbent than in the most comfortable position, which was 
not necessarily the erect posture They detected no close correla- 
tion between the degree of orthopnea and the reduction m vital 
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capacity Emstcne and Blurajjart also observed that flexing the 
head on the thorax of the recmnbrait patient may reliev e orthopnea, 
although this maneuver exerts no constant influence on the vital 
capacity However, thc> admit that m the patients who show a 
notable increase m vital capacity on assuming the erect posture, 
this factor must phy some part in relieving the djspnci 

The mechanism of the increase in vital capacity in the erect 
posture is discussed below (page 175) 

Bohr,* Rubow,*^ and Ilofbautr^* believe that facilitation of blood 
flow tlirougb the lungs in tlie erect posture is significant m the 
genesis of orthopnea Ihe former investigators attribute this to 
an increase m middle capacity— whidi measures the average dis- 
tention of the lungs— m tlic erect posture But since the pulmonary 
engorgement generally responsible for orthopnea results from failure 
of the left heart, lessened resistance to blo^ flow in tlie lungs can 
Uatdlv alleviate it 

Duxunutlon m Pulmonary Ungorgement When £rect —It has 
been seen m Chapter VII that pulmonary engorgement js much 
the most important factor in the pathogenesis of cardiac dyspnea 
This fact immediately suggests that orthopnea may be due to 
increase in pulmonary engorgement m the recumbent posture 
There is abundant cv idence that tins is the case 

Clinical observation umuediatcly reveals a striking parallelism 
between orthopnea and pulmonary engorgement The domain par 
excellence of cardiac ortliupnea is failure of Uie left side of the heart 
with Its resultant pulmonary engorgement In isolated left heart 
failure, m wlucli there is pulmonary engorgement but neither sys- 
temic V enous engorgement iiof fall m artcnal pressure, there may 
be the most violent orthopnea, for example during attacks o! car- 
diac asthma Such observations point immediately to pulmonary 
engorgement ns a factor in the proiluction of orthopnea This 
inference is immediately supported by the frequent amelioration 
or relief of orthopnea when right heart failure is superadded to 
insufficiency of Uie left heart It his long been known that in 
patients witli arterial hypertension, coronaiy sclerosis, or aortic or 
mitral valvular disease, sudden failure of the right heart— as often 
accompanies the onset of auricular fibrillation— with increase m 
venous pressure, swelling of the liver and edemfl of the feet, may 
be quickly followed by relief of dvspnea and especially orthopnea 
From higiily dropsical cardiac patients reclining flat m bed, I hav c 
often obtained the history that they had to sit up to breathe pnor 
to the onset of the edema, and have on many occasions observed 
the transition It is difficult to explain this amelioration of orthop- 
nea with the onset of right heart failure other than by lessening of 
pulmonary congestion True enough, there are many patients wath 
edema and other evidences of failure of the right heart who are 
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also oithopnejc But in these cases examination reveals that, 
despite the insufficiency of the nght heart, pulmonary engorgement 
13 pronounced, or that the failure of the right \ entricle is secondary 
to eraphjsema or other pulmonary disease which of itself decreases 
the vital capacity and thus predisposes to orthopnea 
The question then arises of the mechanism of the relief of pul- 
monary engorgement m the erect posture Hill** long ago expressed 
the opinion that orthopnea is due to the retention of blood in the 
splanchnic area and loner extremities nhen the trunk is erect, thus 
lessening pulmonary congestion There is good evidence that this 
13 true Observ ation of the superficial veins of the Ion er extremi- 
ties reveals that the quantity of blood nithin them is increased in 
the erect posture This observation is supported by the plethj s- 
mographic studies of Atzler and Herbst,* who showed that the vol- 
ume of the foot increases in the sitting and erect postures The 
displacement of blood to the loner part of the body m the vertical 
posture nas demonstrated by AIosso** by the following ingenious 
exiicriment A horizontal board nas so balanced that when a man 
first reclined on it the honzontal position nas maintained But as 
the man continued m this position, the cephalic end became heavier, 
showing that nhen the subject had been in the erect posture before 
reclining on the board, blood had accumulated m the caudal part 
of the bodj, nhich nas displaced upward as he reclined on the 
board using balanced weights, Mosso found that the upward 
displacement of blood in this expenment amounted to from 100 to 
2C0 cc Since the displacement of blood to the loner extremities 
m the erect posture is a result of gravitational influence, it seems 
a fair assumption that the same is also true m the splanchnic area 
Ihe position adopted by many individuals with orthopnea is one 
w ell suited to diminishing pulmonary congestion bv displacing blood 
to the loner extremities For m severe cases the patient is not 
content merely to sit up, but insists on hanging his feet down from 
the side of the bed Patients of this tjpe mil sit for weeks and 
months m an easj chair, despite tJie increasing swelling of tlie 
lower extremities, a sjmptom which is generallj a source of great 
fright to cardiac patients, they cannot be persuaded to sit up m 
bed with the loner extremities horizontal It has repeatedly been 
observed that elastic bandaging of the lower extremities with 
resultant stagnation of blood within them helps to reliev e orthopnea 
Not only is blood displaced caudally with the assumption of the 
erect posture, but the studies of Wollheun*^ indicate that a con- 
siderable portion of the displaced blood is withdrawn from the 
rapid circulation He found that m cardiac patients whose djsp- 
nca was relieved when they sat up, the circulating blood volume 
decreased from 400 to 1200 ec m the erect posture 
Diminution in pulmonary engorgement as a result of caudal 
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displacement of blood 13 probably the mam cause of tlie orthostatic 
increase m vital eapac-ity and consequent relief of dyspnea m 
patients uitli failure of the left heart However, another element 
may also enter Lngorgement renders the lung more rigid (page 
122), vviUi the consequence tliat more work has to be performed 
by the muscles of respiration, and expiration is probably no longer 
clfected purely by the clastic recoil of the lung as m health The 
acccssoiy muscles of respiration arc called into play— as is often 
obvious on inspection of an orthopncic patient— to overcome the 
rigidity of the lung, and this is best accomplished m the erect 
posture The lower position of tlie diaphragm in the erect posture 
presumably also helps to increase the vital capacity 
Decrease m Venous Return to the Heart —If tlie v olume of blood 
returning to the heart per minute in the great v eins were diminished 
in the erect posture, pulmonary ciigorgeincnt would be lessened 
and dyspnea relieved Sucli diminution in venous return entails 
equal decrease m cardiac output An attempt to afford a quanti- 
tative basis for such an csphuation of orthopnea along the lines of 
dimuuslied cardiac output was nude by Pield and Pock Using 
a carbon dioxide method of measuring the volume of circulation, 
they found m 13 hcaltliy subjects that the avenge blood flow when 
sitting was only 70 per cent, and when standing only £0 per cent, 
of that when the subject was recUnmg Tlie decrease m stroke 
volume m standing was even more marked, for it was only 35 per 
cent of tint in the horizontal position Henderson and Haggard*^ 
obtained similar results wiUi tJit. ctliyl iodide metliod In accord 
with these findings, Tliompson, Alpcr and Thompson"’ found that 
a dye injected into a foot \cm takes a much longer time to reach 
an arm v ein w hco tlie subject is standing than when he is recumbent 
Likewise, Pock, Dill and Edwards* not«J that tlie circulation time 
as measured by the histamine method indicates retardation m the 
velocity of blood flow m the erect position There are also roent- 
genological observations by Montz‘* and Dietlen* that the heart is 
larger in the horizontal than in the vertical posture, which would 
indicate increased venous return m the former position Put in 
view of the comadeiit change in the lieight of the diaphragm and 
perhaps other factors, it is not certain that such observations 
furnish an accurate measure of the volume of the heart 
These findings seemed to have shown that the venous return 
and cardiac output are greater m the recumbent than m the erect 
posture Put contrary results were obtained by GroIIman** and 
Marshall With the acetylene method (page 30), they detected 
no difference w bich they considered significant m the tw 0 positions 
However, using liis modificatioo of the acetylene method (page 30), 
Gladstone" found m 34 consecutive determinations m 6 healthy 
young men that the cardiac output is between 10 and 25 per cent 
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greater in the recumbent than the erect posture Similarly , Donal, 
Gamble and Shaw’ with the improved ethjl iodide method and 
Schneider and Crarapton® with the acetylene method found that 
the cardiac output is less m the erect posture, and Scott’* observed 
that this IS usually the case Using Gladstone s modification (page 
30) of the acetylene method, Sweeney and Mayerson’* found the 
cardiac output from 8 to 36 per cent higher in the recumbent posture 

Ihe weight of c\iden<» thus strongly indicates a greater venous 
return to the heart in the recumbent than m the erect posture 
Such increased venous return when recumbent would obviously aug- 
ment pulmonary engorgement in the reclining patient and thus 
favor dyspnea 

Venous Stasis and Orthopnea —Since the v enous return from 
the head in the erect posture is aided by grav ity, it has been thought 
that the relief of venous stasis in the medullary respiratory center 
plajs a part in the relief experienced by orthopneic patients on 
sitting up This view was enunciated bnefly by Sahli” and Hirsch- 
felder “ However, it has been brought to the fore onij recently as 
the result of a detailed study by Ernstene and Blumgart * They 
found that in cardiac patients there is a definite parallelism between 
the degree of orthopnea and the venous pressure They also ob- 
served that merely flexing the head of an orthopneic patient may 
notably relieve his distress, although such a maneuver has little 
effect on the vital capacity Eppmger Laszlo and Schuermeyer* 
also believe that orthopnea results from impaired circulation 
through the respiratory center m the horizontal position They 
base this view on experiments with the thermostromuhr in which 
they found that lowenng tlie head decreases the rate of blood flow 
in the internal jugular vein Eppmger and his associates also call 
attention, in this connection to the fact that the cerebral pulsations 
are smaller in the horizontal position They were able to dimimsh 
the cerebral pulsations by slight pressure on the neck presumably 
owing to interference with the venous return from the head Their 
deduction is that increased venous pressure in cardiac failure simi- 
larly interferes with the circulation through the respiratory center, 
and this effect is accentuated m the horizontal position. 

The theory of decreased cerebral blood flow in tlie recumbent 
position as the essential cause of orthopnea has been controverted 
by Calhoun and his associates* In comparative studies of the 
blood from an artery and from the internal jugular v ein, they found 
no difference in the amount of oi^gen abstracted from the blood 
passing through the brain of orthopneic patients in the erect and 
recumbent positions This shows that there was no considerable 
difference m the blood flow through the brain in the tw o positions 
Nor did they produce dyspnea by increasing the mtracramal venous 
12 
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pressure by moderate constnction o{ the neck witii a blood pressure 
cufT 

Nor do clinical observations indicate that engorgement of the 
sjstcinic vtms is significant in the production of orthopnea As 
nitntioncil nbov c, orthopnea is common m isolated left heart failure 
with nonnal venous pressure, and » often relieved when the right 
heart fails with the development of high sjstcmic venous pressure 
Anti it 13 very striking m the rare cases of primary right heart 
failure due to such ciusts as pulmonarj or tricuspid valvular 
defects or pulmonary endarteritis (page 544), that orthopnea may 
be absent tlespite extreme oanosis and enormously engorged veins 

Orthopnea in. Hypodiastohc Failure — Untler this caption ate 
included tliosc instances of cardiac failure winch are due to inter- 
ference with diastole, either as a result of mechanical incarceration 
of till, heart by pericardial effusion or shrinking adhesive mediastino- 
ptncanlitis or of shortening of diastole in extreme tachycardia 
llie degree of ottliopnea vanes greatly In many instances of 
copious pcncarilial effusion, there is agonizing orthopnea which is 
iinmidiatcly relieved by paracentesis Such coses usually present 
other evidences of pulmonary stasis, presumably due to compression 
of the pulmonary veins or left auricle, ami it seems probable that 
the orUiopnca is correlated with pulmonary engorgement Con 
tranwisc there arc cases of mcdiastino-pencarditis m which, despite 
high venous pressure a large liver, and recurrent ascites, there is 
no ortJiopnca and but moderate dvspnea, the roentgen picture of 
tile lungs then reveals little engorgement 

The Absence o! Orthopnea in Penpheral Circulatory Failure — 
In peripheral circulatory failure with shock, orthopnea is absent, 
although tliere is often pronounced by perpnea In fact, the patients 
seem more comfortable wilh tlicir heads low These observations 
show that decrease in cardiac output, which is surely very low in 
shock does not cause orthopnea and m fact tends to counteract it 

Summary — It stems evident that the orthopnea of heart failure 
IS almost exclusively a manifestation of pulmonary enlargement 
The amelioration of dy spnea m the erect posture is due to an increase 
in vital capacity This increase m vital capacity is predominantly 
a result of redistribution of blood whereby with the assumption of 
the erect posture blowl is shifted from the lungs to the splanchnic 
area ami lower extremities and some is withdrawn from the active 
circulation The preponderance of evidence indicates that the 
mam factor in produang this redistribution of blood is that as a 
result of gravitational influence the venous return to the heart 
from the dependent portions of the body is diminished in the erect 
posture The vital capacity is probably also increased in the erect 
posture as a result of more effective use of the accessory muscles of 
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respiration, ^hich are called into play to overcome the rigidity of 
the engorged lung 

The dependence of cardiac orthopnea on pulmonary engorgement 
explains why this symptom is predominantly a manifestation of 
failure of the left side of tlie heart Failure of the right \ entricle 
tends to alleviate orthopnea, presumably through diminishing 
pulmonary engorgement. 
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CHAPTER \I 
CYANOSIS 

Bluish discoloration oi tlic skin and mucous membranes 13 a 
common manifestation of circuhtory failure, be it of cardiac or 
peripheral origin In congenital heart disease, however, cyanosis 
may arise from the admixture of venous and arterial blood m the 
absence of circulator}' failure 

In Its lesser degrees, cj anosis 13 dis«umible only in certain areas, 
especially tlie lips and the tips of the fingers and toes, particularly 
III the nail beds In these parts, the integument is thm and the 
small V tssels* superficial and fairl> thick set, so that ev en in health 
the color of the blood shows tlirough to a greater extent than else- 
where (the terminal phalanges are almost alwajs redder than the 
others) That such enhanced “visibiht) " of tJie blood is a funda- 
mental reason \\!iy c> anosis is generally seen first in these areas 
is shown by the fact that they arc also the sites of election for the 
detection of shglil cyanosis when the hlier is of purely pulmonary 
origin, as in pneumonia without circuhtor} failure An additional 
factor IS that tiie tips of the fingers and toes are end points of 
tlic circulation so tint when slowing of blood fiow with consequent 
increise 111 the reduction of oxyhemoglobin participates in procluemg 
C> anosis, as in heart failure, the blueness is also most pronounced 
in tliese areas In some individuals, cyanosis appears early at the 
tip of the nose, ov er the check bones, and m the ears This is often 
seen strikingly m persons with originally ruddy complexions or 
numerous dilated small vessels on die face as a result of long life 
in the open and exposure to wind The mucous membranes of the 
mouth and conjunctiva and the retina often show the discoloration 
lu its incipicncy, especially when it is arterial m origin When the 
cyanosis becomes more intense, almost the entire body surface may 
be involved However, tlie sclcne and other regions of minimal 
vascularization are generally spared 

In peripheral circulatory failure with shock, the cyanosis may 
have a remarkable distribution in tlie dependent parts of the body 
Thus, in a woman with peripheral circulatory failure following an 
extensive burn, the dorsal aspect of the bodj wois cyanotic, tcr- 

* Lewu ’ ebona that Uirougbout most of (he body Uie cootnbution of the blood 
to the skin rolor u due mainly to that contamed <□ the subpapiUary venous plexus 
while tbo capillaries are of less sigoificance He stales that in the band and in tbs 
sole of the foot where the capiUeties we most numerous their share ta the skin 
coloration is more siemficant Wotlheun*' also emphasizes the great significance 
of the subpapiUary v enous plexus for cysnotio d scoloration of the skin Of course 
dilatation of the capillaries increases tbw contnbution to the color oi the akin 

(ISO) 
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minating \entrally m a lionzontal line (in tlie recumbent patient) 
like the ^\ater line of a ship, the appearance resembled that of 
cadaveric lividity, and indeed there could be no doubt that m the 
still mentally alert 'noman there uas a gravitational hypostasis of 
the blood In other fonns of shock (e g ,m acute pancreatitis) the 
cyanosis may have an irregularly patchy distribution, to which may 
be added the usual acrocyanosis 

The hue of the cyanosis vanes and may be of diagnostic sig- 
nificance T he usual blue deepens to almost inky black in maximum 
cyanosis In the cyanosis of shock, in which the capillaries are 
poorly filled, the blue tends to become grayish or leaden When an 
individual with high hemoglobin content and increased circulating 
blood volume becomes cyanotic, the color is a bluish red When 
heart failure has produced icterus, a peculiar coloration results 
from the admixture of blue and yellow— so-called cyanotic icterus 
In influenzal and other severe varieties of bronchopneumonia, the 
cyanosis is on rare occasions of a peculiar hue which has been com- 
pared to that of heliotrope or hlac (Abrahams, Hallows and French*) 
Cyanosis is, of course, difficult to distinguish m the negro Since 
cyanosis is due to the color of the blood, it is removed by pressure 
In an edematous area, cyanosis tends to be dissipated Cyanosis 
often lessens so rapidly after death that the pathologist does not 
observe it in the skin, but m other instances it is very striking on 
tlie postmortem table 

Cyanosis is to be differentiated from crylhrosts, the brick red 
color of the skin m polycytheima vera without pulmonary compli- 
cations or circulatory failure, which results from increased hemo- 
globin content of the blood and better filling of tlie superficial 
capillaries as a result of tlic augmented circulating blood volume 
In practice, however, the differentiation on inspection is sometimes 
uncertain, for reasons to be mentioned below, patients with eryth- 
rosis readily become cyanotic 

OCCtTERENCE OP CTANOSIS IN HEART DISEASE 

Cyanosis may occur m any of the types of heart failure or m 
circulatory insufficiency of peripheral origin The details of the 
occurrence of cyanosis w ill be considered w itli the individual causes 
of circulatory failure Here it may be remarked that, in general, 
cyanosis tends to predominate over dyspnea m right heart failure 
and dyspnea over cyanosis m insufficiency of the left side of the 
heart Most intense cyanosis is seen when the right heart failure 
IS secondary to pulmonary disease, as in emphysema or especially 
the rare instances of primaiy disci^e of the pulmonary artery 
(“black cardiacs”) Pulmonary edema, large pleural effusions, and 
pneumonia or extensiv e pulmonary infarcts are frequent causes of 
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deepening of cj ariosis in cardiacpaticnts Pulmonary embolism may 
lead to c^unoMs of acute development and maximum intensity 
Another cause of acrocyanosis of remarkable depth is occlusive 
tliroinbosis of the left auricle (page ‘iil) Congenital heart disease 
vviUi or aiUiout cardiac failure is of course tlie classical donum 
of cyanosis which may bcparoxysniil (page 187) 

In general cyanosis in cardiac disease tends to be deeper the 
higher the hemoglobin content of the blood It mil he seen m the 
next section that if anemia la sufficiently severe cyanosis cannot 
develop 

It should be remembered lliat cyanosis is a much less common 
manifestation of heart failure than is dyspnea Especially left 
heart failure may be of iuu\imunv seventy m the absence of evano- 
sis Indeed many patients with failure of the left side of the heart 
arc strikingly pale as a result of peripheral v asoconstriction 

PATHOGENESIS OF CYANOSIS 

An important element in the color of the skin is that contributed 
by the blood in the superficial venules and capillaries Disregarding 
the normally insignificant yellovv pigmentation of the plasma tlie 
color of tlic blood is the additive resultant of the bright red con 
tnbuted by the oxyhemoglobin and the blue of the reduced hemo> 
globm Jf'e spcal of cyinom uhen the contnhution of the redxccd 
henoglohn to i)c s\xn color hecotia marled enough to tnfluence it 
disceniibly tn ike direcho i of blue 

The primary condition Uicii for the production of cy inosis is an 
increase in tlie concentration of reduced hemoglobin m the blood 
of the \ enules and capillants 1 he quantitative eluc dation of the 
conditions for tlie development of cyanosis is due largely to the 
classic inv estigations of Lundsgaatd and \ an Slyke * they may be 
summarized briefly as follovvs 

In health the blood has an oxygen capacity of about 20 volumes 
per cent z e tlie hemoglobin of each 100 cc of blood can corabme 
with 20 cc of oxygen The arterial blood is hovvever generally 
only about 9o per cent saturated so that the actual oxygen content 

13 about 19 volumes per cent The extent of the reduction of the 
hemoglobin vanes m different vascular territories but averages 
about 5 volumes per cent so that the venous blood contains about 

14 volumes per cent of oxygen In other words the unsaturation 
(following LundsgaanI and \anSIyke in connection witli cyanosis 
it 13 more convenient to speak of unsaturation) of the arterial blood 

15 1 volume per cent and of the venous blood 6 volumes per cent 
of oxygen And the mean capillary unsaturation m health is 

=35 volumes per cent of 
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The value that is of primary interest m connection ^ith cyanosis 
13 the average capillary unsaturation Tor it is obvious tliat loss of 
0 x 3 gen at the beginning of the capillary will have much greater 
effect m producing cyanosis tlian an equal loss at the venous end 
of the capillary Unfortunately, the figure deriv ed above by taking 
the arithmetical mean of the arterial and \€doiis unsaturations does 
not represent exactly the average unsaturation of the capillary blood 
since it IS hardly likely that the loss of oxjgen proceeds uniformly 
during the transit of a capillary The principal factors preventing 
such uniformity are given by Lundsgaard and Van Slyke as follows 

1 At the artenal end of the capillarj , the tension of oxygen is 
the highest, so that it tends to be given off most rapidly here 

2 The dissociation curve of oxyhemoglobin is not rectilinear but 
13 such that at lower oxygen tensions more of the gas is given off 
for an equal drop m pressure This factor promotes 0 x 3 gen loss at 
the venous end 

3 The entrance of carbon dioxide from the tissues into the blood 
increases the dissociation of oxyhemoglobin The influence would 
also tend to increase the oxygen loss at the venous end 

Slowing of the rate of blood flow m the course of the capillary 
and variations m the caliber of the latter would also militate against 
uniform loss of oxygen In patients with right heart failure, the 
venous limb of the capillary is dilated, so that blood flow is much 
slower here 

Available data do not permit differentiation of the significance 
of these factors However, they neutralize one another to at least 
a considerable extent, so that Lundsgaard and Van Slyke hav e used 
the arithmetic mean of the arterial and venous capillary uiisatura- 
tions for the average capillary unsaturation and the studies of 
Henderson^ show that actually this is approximately so 

Lundsgaard found m a considerable senes of cases that cyanosis 
appears when the mean capillary unsaturation is of the order of G to 
7 volumes per cent Since I cc of oxvgen combines with about 
0 75 gram of hemoglobin tins threshold v alue for cy anosis corre- 
sponds to about 5 grams of reduced licmoglobm per 100 cc of blood 

There are two important corollaries of Lundsgaard s principle 
that the presence or absence of cyanosis depends on the absolute 
concentration of reduced hemoglobin m the blood In the first 
place, cyanosis occurs more readily the greater the hemoglobin 
content of the blood, for then the same percentage of unsaturation 
corresponds to a higher concentration of reduced hemoglobin This 
explains why patients with polycvthcmia become cyanostd so read- 
ily On tile other iiand, and for the same reason, anemia militates 
against cyanosis In fact, Lundsgaard points out tliat individuals 
witli less than 5 grams of hemoglobin per 100 cc of blood (about 
30 per cent on the usual scales) cannot generally become cyanotic 
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For he found (see abo\ e) that 5 grams of reduced hemoglobin is 
the threshold \ aluc for anos», so that cs cn complete unsatuntion 
with less than this concentration of litiiioglobm could not produce 
discernible blueness 

In the foregoing, we have considcrwl only the role of changes 
in the chemical composition of the blood m the genesis of cjanosis 
Ilonever, in right heart failure tilth systeraie venous engorgement 
another “mechanical” factor enters, namely, distention of the ven- 
ules and the venous end of the capilliries A glance at the veins 
on the back of the Iiand shows that nonnal venous blood presents 
a cjanotic color through the skm It is therefore evident that 
sufTicicnt dilatation of the minute venous vessels will produce blue- 
ness of the skin 

Ihree fundamental mechaiiisins thus participate m the production 
of the ci anosis of circulatorj failure, while they jnaj occur inde- 
pendently, more often they are combm«l 

1 Deficient uv>genation in the lungs 

2 introased reduction iii the capillaries 

3 Distention of tlie venules and venous ends of the capillaries 

The Pulmonary Factor in Cyanosis —Obviously, deficient o\j- 

genation of the blood m the lungs can produce cyanosis Indeed, 
tins factor more readily results in cyanosis than does slowing of 
capillarj flow because inadequately oxvgenated arterial blood 
affects the color of the blooil tlirougliout the length of tJic capillaries, 
while the cjanosis of retarded pcnplicral flow develops onl> as the 
blood proceeds along the capillary This difference is eypressed 
quontitativcl> m Dundsgaaitl’s formula for the mean capillarj 
unsaturation (page 182), as seen in the following illustration 

Suppose that pulmonary changes result in the arterial blood 
leaving the lungs vvith an unsaturation of 4 volumes per cent of 
oxygen instead of tlie normal 1 volume per cent If, then, the 
blooil flow through tlie capillaries is not slowed, so that the oxjgea 
loss m them is tlie usual 5 volumes per cent the venous unsaturation 
vv ill be 4 + 5 « 9 V olumcs per cent And the mean capillary unsat- 
uration will be ^ '1^ — = C5 volumes per cent of oxjgen, which 
would produce cj anosis with the normal hemoglobin content of 
the blood 

On the other liand, consider an instance in which pulmonary 
aeration is unaffected but the blood flow tlirough the capillaries is 
slowed to such an extent that the loss of oxjgen in the capillanw is 
S instead of the normal 5 v olmnes per cent of oxygen Here, again, 
the V enous unsaturation is 9 volumes per cent, but the mean capil- 
lary unsaturation is only = 5 volumes per cent of oxjgen, 

a value that would not lead to cyanosis with nonnal hemoglobin 
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concentration In other words, in our illustration, an increase of 
3 \olumes per cent in arterial oiQ^gen unsaturation leads to cjano- 
sis, while an equal augmentation of oxygen loss in the capillaries 
does not 

Actually, m at least the great majority of instances of marked 
cyanosis in heart failure, dimmish^ oxjgen saturation of the 
artena! blood (Harrop,’“ Baracli and Woodwell*) evinces the great 
significance of the pulmonar} factor m the production of the ejan- 
osis Cossio and Berconsky’ found arterial oxjgen iinsaturation 
concerned in the pathogenesis of the (^anosis m only 10 of 20 ejan- 
otic patients with mitral stenosis, but this proportion appears lower 
than that generally observed The importance of the pulmonary 
factor is also shown m many cases bj the clearing up of the cjanosis 
if high concentrations of oxjgcn are breathed The most extreme 
degrees of ejanosis are generally observed in those cases in which 
pulmonarj lesions, such as cmphjsema or the rare pulmonary 
endarteritis, play a part m the production of the heart failure, or 
such processes as pneumonia, large infarction, copious pleural effu- 
sion, or pulmonary edema complicate cardiac insufficiency Ihe 
mechanisms causing inadequate pulmonarv oxygenation m heart 
failure have already been discussed (page 122) 

Role of Capillary Reduction m Cyanosis —It has been seen in 
the preceding section that ejanosis is more readily produced by 
deficient oxjgenation m the lungs than by increased reduction m 
the capillaries Nevertheless the latter is also an important factor 
in many instances of ejanosis in circulatory failure In fact, there 
are patients in whom cyanosis is entirely due to increased reduction 
in the capillaries, the oxjgen saturation of the arterial blood being 
within normal limits Such cases due to heart failure m hjqjerten- 
sion have been published bj Schoen and Derra,** m one of their 
patients the arteriovenous oxvgcn difference was U 2 volumes per 
cent Jlore commonlj , however, cyanosis due entirely to increased 
reduction in the capillaries is a manifestation of peripheral circula- 
tory failure with sliock Schoen and Derra studied 2 such cases 
m which the cjanosis was entirely of capillary origin with normal 
oxjgen saturation of the arterial blood Cossio and Berconsky 
observed G patients with mitral stenosis m whom the cjanosis was 
due entirely to greater peripheral utilization A measure of the 
significance of the peripheral capillary factor m the production of 
cjanosis is afforded by the arteriovenous oxjgen difference, which 
expresses the reduction m the capillaries 

Several mechanisms may participate m augmenting capillary 
reduction in circulatory failure 

1 As a result of heart failure, the rw a tergo may he so greatly 
diminished as to retard notablj the blood flow through the capil- 
laries and thcrebj result m pretematurally great loss of oxj gen 
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2 In tljose forms of bhotk m 'ttliich tlu circulating blood \ olumc 
and canlidc output arc grtntly dummshctl, tlicre nny be some 
compensation for tlic reducetl blood lion b> more thorough capillary 
retlucUon 

3 In shock in n Inch there is capillary ‘ paralj sis ’ tin. capillary 
bcil may be so dilated that blood How is significintly slowed and 
an abnormalK great surface presented for evclnu^e between blooil 
and tissues llic pathogenesis of such anosis is perhaps analogous 
to what occurs \n acroc>anDsis of \ isoinotor origin, in which Boas* 
obsened and ligured clearly the tnoniiotis increase in length and 
nidtli of the capillaries of Ac nail fold, winch also exlnbiti^ many 
convolutions and i bizarre arrangement 

4 The mcrcast“d oxvgen tonsuiiiplion in heart failure must be 
met, to tlic extent that the weakened heart does not sufHcieutly 
increase cardiac output, by more thorough capillary reduction 

Distention of the Venules and Venous Ends of the Capillaries — 
Ilight heart failure with increase m venous pressure results m 
distention of the vcnulcd and the venous ends of tlie capillaries 
Jlutllcr'* found that if a blood pressure cuff around the arm be 
inflated to about 00 nim of mcrcurj, the number of open and blood- 
filled cnpilhrics seen m the nail fold increases, as docs tlicir length 
and Width Afueller and others have shown that in heart failure 
with venous stasis the venous limbs of the capillaries of the nail 
fold are greatlj dilated and tJic How through them so slowed that 
the blood column appears discontinuous In such cases the num- 
ber of capill iries visible is so great that Mueller weighs the possi- 
bility that not only is the entire normal quota of capillaries simul- 
taneously opened, but that there inaj also be newly formed capil- 
laries Further, the small subpapillary veiiulcs are so distended 
that they must contribute notably to the cyanosis Goldschmidt 
and Light* have shown m healthy subjects that mechanical disten- 
tion of the capillaries and venules by increased venous pressure 
can produce cyanosis even though the capillary unsaturation of the 
blooil in these vessels » normal In patients with circulatory 
failure Wolllieim*^ found with the capillary microscope tint tlie 
distention and filling of the siibpapiUary v enous and capillary net 
works of tlie skin parallels the cyanosis Harrison' has demon- 
strated that m some patients with slight cyanosis due to heart 
failure both the arterial and the venous oxygen unsaturations are 
normal, indicating that the cyanosis is due to the distention of the 
minute venous vessels 

The increased circulating blood volume present m many patients 
with cardiac cyanosis probably also contributes to the filling of the 
venules and v enous capillaries and thereby to the cyanosis Indeed 
WolUieira believes tliat one factor m producing cyanosis m heart 
failure is a ‘ compensatory ’ storage of blood m tlie subpapillary 
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^ enous and capillary net^\ orks of the skin, which tends to counter- 
act the increase in circulating blood volume and tliereby unburdens 
tlie heart 

The filling of the venules and capillaries influences the hue of the 
cjanosis Thus, m heart failure with large circulating blood 
volume, m which the minute vesseb of the skm are well filled, the 
cjanosis is apt to be a dark blue or purple On the other hand, 
in peripheral circulatory failure, with its poorly filled vessels, the 
skin tends toward a grajish color 

CYANOSIS IN CONGENITAL HEART DISEASE 

Congenital heart disease is tlie classical domain of c^anodis 
Nevertheless, cyanosis is absent in many varieties of congenital 
cardiovascular defects, and in others appears only after many 
jears or paroxjsmallj Trom the point of view of the occurrence 
and pathogenesis of ejanosis, two general groups of cases may be 
recognized 

1 Cases in which cjanosis is absent or, if it appears, is purely 
a manifestation of heart failure This group comprises cases in 
which there is no abnormal communication betw ecn the right and 
left sides of the circulation Included arc such conditions as coarc- 
tation of the aorta, congenita! arteriovenous fistula, and congenital 
aortic, mitral, and pulmonic stenosis It may be worthy of em- 
phasis that uncomplicated pulmonic stenosis, a v cr> rare condition, 
ma> be present for >ears without cyanosis, or the patient may 
succumb to pulmonvr> tuberculosis without other than terminal 
cjanosis Ihe pathogenesis of cjanosis m these cases is essentially 
the same as in heart failure due to acquired lesions, and has been 
discussed m the preceding sections 

2 Cases in which an abnormal communication between the right 
and left sides of the circulation is concerned m the pathogenesis of 
the cj anosis Included are such conditions as patent ductus Botalh 
and foramen ov ale, inttrv entricular and mterauncular septal defects, 
transposition of the great vessels, and the Utralogj of 1 allot (pul- 
monic stenosis, interventricular sepfal defect, dextroposition of 
the aorta and hjiicrtrophj of the nght ventricle), the latter of 
which IS the most common form of cjanosis of congenital origin to 
pass adolescence In these cases, the cjanosis is due to tlie entrance 
of sufficient venous blood from the nght half of the circulation 
through the abnormal communication into the left half of the 
circulation to influence the blood of the latter perceptiblv m the 
direction of blue Lundsgaanl and VanSljke showed that, tlie 
hemoglobin content and other conditions being normal, the v enous 
arterial sliunt must amount to about 18 per cent of the total cardiac 
output to produce discernible cjanosis But under the conditions 
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of congenital heart disease, a smaller shunt doubtless often suffices 
to produce c> anosis Tor many of the patients ila^ c polycythemia 
of high degree and increase m arculating blood volume factors 
vhich ha\e been seen above to loner the percentage of oxygen 
unsaturation of the arterial blood necessary to produce cyanosis 
Pulmonary or peripheral stasis may also participate m the causation 
of the cyanosis 1 inally, the degree of oxygen unsaturation of the 
contaminating venous blood is of significance for its effect m pro- 
ducing cyanosis 

Smec the cyanosis depends primarily on the quantity of venous 
blood that enters the left half of the circulation through the anoma- 
lous opening, it is not surprising that cyanosis is not always present 
even m eases witli cummunicatiuDs between the two sides of the 
circulation Ihus m most instances of patent ductus, persistent 
foramen ovale, or interventncular or mtcrauncular septal defects, 
cyanosis is absent for years or permanently Analyses of the, 
arterial blood m such eases hav e revealed normal oxygen saturation, 
indicating that the quantity of venous blood entering the left side 
of the circulation is negligible Evidently, the higher pressure m 
the left side of the circulation results in an arterial venous and not 
venous arterial shunt However, some such patients become cyan- 
otic on exertion, perhaps the increased venous return so raises 
the pressure m the right side of the circulation that the direction 
of the shunt is reversed to venous arterial and the more thorough 
reduction of the blood in the exercising muscles increases its effect 
in producing cyanosis Ultimately, though sometimes only after 
many years and pcetenninally, many of these cases become cyan- 
otic— Uie cyanw tardite (delayed cyanosis) long ago described by 
Bard and Curtillet* m an individual vviUi patent foramen ovale 
This phenomenon is also believed to be due to a reversal of tlie 
shunt from arteriovenous to venous arterial as a result of heart 
failure pneumonia, or otlier and as yet obscure causes which raise 
the pressure in the nght side of tlie heart But it is to be empha 
sized that many of the patients succumb to accidental complications 
or bacterial endocarditis without ev er becoming cyanotic 

In othtT instances ol abnoiraal comsouwwiatvaw between the two 
halves of the circulation, tliere is persistent cyanosis from an early 
penod of life Tlie roost frequent cause in those passing childhood 
is tlie tetralogy of Tallot m which the high pressure in the right 
ventricle resulting from the pulmomc stenosis produces a venous 
arterial shunt tlirough the interventricular septal defect and in 
which there is also dextroposition of the aorta so that blood is poured 
into it from both i entncles Vanous other congenital defects may 
also produce persistent cyanosis (Abbott*) 

A number of attempts have been made to calculate from the 
oxygen unsaturations of the artenal and venous bloods and certain 
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Other data, the size of the \ enous arterial shunt m cases of persistent 
cyanosis (for the formulas, %vbidi Jn\ol\e the assumption of data 
that cannot be determined experimentally, see Lundsgaard and 
Van Slyke and Segall*®) In a detailed study by Segali of a patient 
\\ith the tetralogy of Fallot, he calculated the \ enous arterial shunt 
as being of the o^er of 75 per cent of the total cardiac output. 

For further information concerning cyanosis m congenital heart 
disease, the reader is referred to the classical articles of Abbott* 
and Abbott and Weiss * 
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Dkois\ 13 a common manifestation of cardiac insufficiency 
'Iransudatcs due to heart failure ma> accumulate cither m the tern- 
top, drained by the \enx caMe, as a result of ^\caknes3 of the right 
heart, or in the lungs, most oRcii in consequence of insufficiency 
of the left heart Although the term cardiac edema is, of course, 
ajiplicablc to both distributions, the present chapter mil be re- 
stricted to sj stemic ilropsy, postponing consideration of pulmonary 
edema to Chapter \IV 

There maj be considtrable retention of water in the organism 
as a result of heart failure before it is demonstrable in the form of 
pitting edema or a serous effusion— so-called pre-etlema This 
oceult water retention is cspcciall> apt to develop m bedridden 
patients, for in the ambulant, swelling around the ankles generally 
appears before the fluid retention becomes great Such occult 
fluid retention is best followcxl by weighing Sie patient, it may 
amount to 10 or even 20 |K>unds Often an individual with heart 
failure loses 10 or more pounds following digitalization although no 
edema bad previously been demonstrable 

CLINICAL FEATURES OF CARDIAC EDEMA 

An outstanding characteristic of cardiac edema is the influence 
of gravity in dctcraiinmg its distribution For this reason, cardiac 
edema m ambulant patients is most often first detectable in the 
lower extremities in the vianity of the internal malleolus and the 
inner surface of the tibia, where the underlying bone renders pitting 
easy to elicit Such mapient swelling generally ev oh es during the 
dav as the patient is up and about, to be noticed when undressing 
m the evening, and clearing up after a night’s rest in bed It may 
be seen only distal to some constriction, as the strap of a w Oman’s 
shoe, or beneath an enarchng garter Usually, this initial swelling 
13 symmetrically bilateral but local influences, such as varicose 
\ eins, may cause the edema to appear first m one limb In bed- 
ndden patients, cardiac edema often appears first over the sacrum 
or especially in the obese, at the dorso-mcdial aspect of the tliigh, 
vvlierc it may be detected early by pinching a fold of the thickened 
skm between the fingers If the patient sleeps on one side the 
edema may be confined entirely to that half of the body , or if one 
hand hangs down, to that extremity In obese, ortbopneic patients 
who sit up m a chair for weeks, the abdominal wall may be enor- 
mously infiltrated and hong down like a grotesque apron 
( 100 ) 
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It IS thus seen that the initial localization of cardiac edema is 
cbaractensticallj different from that of the edema of acute glomeru- 
lonephritis, which generally appears first m the face and particularly 
the ejehds, and is usually most evident in the morning on arising 
Similarly, nephrotic edema m the nephrotic stage of glomerulo- 
nephritis or chronic nephrosis maj first appear in the face, although 
very often the swelling in these cases manifests itself initially in 
the lower extremities as does cardiac edema Early swelling of the 
face m cardiac edema has been described (Ilesnik and Keefer*^), 
but I have not seen this apart from large pericardial effusions or 
compression of the superior vena cava 

With extension of the edema, almost the entire body surface may 
be involved, although the face is almost alwajs spared At the 
necropsy of a patient who died with massive cardiac dropsj, edema 
of tlie mucous membrincs and the connective-tissue framework 
of various viscera may be found To what extent gastro-intestmal 
or other symptoms result from such internal edema remains to be 
detennmed The redoubtable edema of the glottis occasionally 
occurs m hypertensive or arteriosclerotic patients in the absence of 
other edema, but it does not seem to result from cardiac failure 
alone Edema of the prepuce may cause difficulty m urination , and 
dropsical swelling of the scrotum may produce considerable dis- 
comfort In patients with cardne edema the pressure of the cere- 
brospinal fluid IS gcncrallv elevated, but there does not seem to be 
any increase m the volume of the fluid (page 277) At necropsy, 
the meninges, espcciallv the leptomeninges, may be gelatinous and 
swollen as a result of edema The brain substance may also be 
edematous (page 27C) 

Cardiac edema, unless very massive is usually not as soft as is 
nephrotic edema the pitting produced by pressure disappears more 
rapidly than in the latter presumably as a result of the greater 
turgidity of the skin due to the engorgement of the capillaries and 
venules As a result of the congestion, further, the edematous 
limb in cardiac failure most often docs not have the dead white 
appearance of nephrotic edema But in exceptional instances with 
very voluminous edema, the swelling may be white and soft, mask- 
ing cyanosis seen in non-edematous parts and not to be distinguished 
from nephrotic or nephritic edema That jaundice is masked by 
edema is mentioned on page 258 .\fter the edema has been present 
for a long time, thickening and hardening of the skin develops as a 
result of swelling and proliferation of the collagenous elements, 
with this, tlie skin does not pit as readily, is often somewhat red- 
dened or pigmented, and feels brawny and rough On occasions, 
rare nowadays, tremendous edema results in rupture of the skm 
with drainage of dropsical fluid, which may persist for a long time 
Edematous skin, particularly if mcised or punctured, is susceptible 
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to erysipelas and other infections, but jti my experience this is far 
more rare witJi cardiac tlian \titli nephrotic anasarca 

As regards the coni'positwn of the edema fluid obtained by subcu- 
taneous drainage in cardiac dropsy, it has long been knoun to con- 
tain less solid matter than the transudates into the serous cavities 
The ^peclfic grav itj is low, between 1 005 and 1 010 The protein 
content IS inttrm^iate between tlie highly albuminous fluid of 
acute glomerulonephritis and inflammatory edemas and the almost 
protcm-frcc fluid of ncpJirotic ctlcnia The investigations of 
Epstein,** Erainkamp,* and others sltovr that it contains between 
0 03 and 0 5 per cent— witli an average of 0 21 per cent m 24 cases 
studied by liramkamp— of protein, which is much less than the 
protein content of the concomitant transudates m the serous cavi- 
ties (page 200) So far as w known, the crystalloids in the fluid 
of cardiac dropsy are present m concentrations similar to those in 
nephrotic edema For a detailed discussion of the concentrations of 
the electrolytes m transudates and what is knovrn of their rahonale 
the reader is referred to the recent work of Peters,” comparative 
analyses of the composition of edema fluid, pleural transudate, and 
the blood in 22 cases of Iicart failure liav c been published by Jleiche ** 
Here, it will merely be mentioned that chloride is present in higher 
concentration than m Uic blood, tint iJie concentrations of the 
oilier electrolytes confirm fairly well to what would be expected 
on tlic basis of the Donnan equihbnum, and that the urea and 
sugar content arc about equal to that of the blood 

FATHOGGKESIS OF CARDIAC EDEMA 

According to the conception evolved m masterful fashion by 
Starling,*® the fundamental mechanism regulating the exchange of 
fluid between the capillaries and the tissue ‘ipaccs is represented 
by an equilibrium between the opposing colloid osmotic and hydro- 
static pressures of the blood in the capillaries • Displacement of 
tins equilibrium in favor of the colloid osmotic pressure results m 
resorption of fluid from the tissue spaces into the blood, while 
relative preponderance of the hydrostatic pressure produces accu- 
mulation of fluid m tlie tissue spaces Of course, the fluid exchange 
between the blood and the tissue spaces is also affected by a multi- 
tude of other moments, notably nervous, hormonal, the chemical 
and physical properties and concentrations of various electrolytes 
and other substances, the metabolic activities of tlie tissue cells, 

• By direct microscopic ftud»« lAods' has found the hydrostatic pressure m 
the capillaries iti the shin at the base oC the human finger nail to be 32 mm of mer 
cury in the arterial 1 mb and 12 mm ut (be veBOUs limb The colloid osmotic prw 
euro of human plasma m health la about 25 mm of mercury The equilibrium 
between the colloid osmotio pressure and the hydrostatic pressure is thus adapted to 
tfansudstion m the arterial and resorpUonmthe N-enoua Iirab 
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the function of the kidnej’s, and perhaps true secretory processes 
by the endothelium of the blood and lymph capillaries However, 
the fundamental regulation seems to be through the above-men- 
tioned equihbnum, and it is readily conceivable, though decidedly 
not proved at the present state of knowledge, that these other 
factors exert their effects, in the last analysis, through displacement 
of the equilibrium betvNcen the hjdrostatic and the colloid osmotic 
pressure of the blood in the capillaries At any rate, such a working 
hypothesis has proved decidedly fruitful m attempts at elucidation 
of the pathogenesis of edema It was first seriously applied m this 
field m the classical studies of Epstein** who adduced strong evi- 
dence that the edema of chronic nephrosis and the nephrotic stage 
of glomerulonephritis results from the diminished colloid osmotic 
pressure of the blood Experimental verification of this conception 
of nephrotic edema was furnished by Loiter*^ and substantiated by 
Barker and Kirk,* who were able to produce edema by experimental 
depletion of the plasma protems, which entails a correspondmg 
depression of the colloid osmotic pressure of tlic plasma 
The work of a number of investigators indicates that the edema 
of heart failure w aUo due primarily to displacement of the equilibrium 
between the hydrostatic and the colloid osmotic pressures of the plasma 
xnfazor of the former But m the case of cardiac edema, the displace- 
ment appears to be due principally to increase in hydrostatic pressure 
To a large extent, this represents merely a more precise formulation 
of the conception held by clinicians of a century ago, to whom the 
connection between venous (and consequently capillary) engorge- 
ment and cardiac edema was evident But with the widespread 
abandonment of the filtration theories of l>mph and urine forma- 
tion following the work of Heidcnham this physical conception 
was largely given up— though clinicians m geueral could not avoid 
thinking m terms of it— to be resuscitated in a modern form as a 
result of the application of Starlmg s theory, Epstein’s clinical and 
Leitcr’s experimental work on nephrotic edema, and the studies of 
Krogh** and Landis-* on the relations between capillary pressure 
and fluid exchange 

Chmcal Correlations of Cardiac Edema —The occurrence of 
edema m circulatory failure may be briefly summarized as follows 

1 In right heart failure with engorgement of the systemic veins, 
edema is common 

2 In hy podiastohc failure due to limitation of the diastole of 
the heart (mediastmo-pencarditis, pcncardial effusion) m which the 
sy stemic v eins are engorged, edema is also frequent and may attain 
tremendous extent 

3 In left heart failure, in which the systemic veins are not con- 
gested, edema is conspicuous by its absence Left heart failure may 
exist for y ears in patients w ith hypertension and coronary sclerosis, 

13 
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ha\ mg recurruit attacks of cardiac asUima and pulmonary edema, 
but feo Jong as tin, riglit heart hokls out and tlie tributaries of the 
\eiix t-iviL arc not engorged, there is no peripheral edema During 
attacks of cardiac astlima lasting hours, the extremities maj be 
colil and of a grajish cyanosis, testifying eloquently to the slowing 
of ilic circulation but while \cnous engorgement is absent, edema 
docs not appear 

4 In iicriphcrnl circulatory failure, edema is absent I have 
repeatedly sttn patients m shock for days, with cyanotic and cold 
cxtrciiutK-s, y ct t'lltma was not only absent but the superficial tissues 
were obviously dchydratwl 

It IS thus clc ir that cardwc edcwia m conelaicil ti itA renoua enjorffc- 
vieiit, 1 fact with which clinicians have been acquainted for over a 
century Furtlicr, tlie absence of dropsy in peripheral failure and 
left heart failure shows tliat circulatory rctamation per sc is not a 
decisive factor m producing alcuia 

only docs the occurrence of eilemn m general circulatory 
ilisturbanccs as just described, indicate clearly its correlation with 
venous stasis but tlic frequent development of localized edema m 
the temtorv of an obstructed vein shows even more obviously that 
venous stasis can produce edema That such localized edema 
results from venous obstruction was denied bv Hodgson,” but 
definitely established on large material by Bouillaud * Cdema is 
su often seen m instances of neoplasm, aneurysm etc , whicli com 
press veins that the connection is beyond doubt Of course, m 
connection vv'itli the presence or absence of edema m localized venous 
obstruction, the enormous potcnti'ditics for collateral circulation in 
most venous territories and the vicarious function of the regional 
lymphatics must be borne in mmd 

Expenmestal Production of Edema by Venous Obstruction — 
In IRSO, Lower** obscrvcil the development of ascites m a dog 
following the ligation of the inferior vena cav a m the thorax He 
also ligated the two jugular veins which was followed by dropsical 
infiUration of the tissues above the ligature as well as abundant 
flow of tears and saliva As a result of these experiments, venous 
obstruction was accepted as a cause of edema which previously, 
following the discovery of the lyoupliatics by Aselh early in the 
seventeenth century, Ind been attributed to rupture of tlie latter 

Two centuries later, however, Hanvier** earned out experiments 
that were thought to contradict tins inteipretntion He ligated the 
inferior vena cava of the dog low down following which edema 
of the hind limbs did not develop But when, m addition, he 
divided one sciatic nerve and tliereby produced vasodilatation on 
th it side edema of the limb appeared within au hour Similarly 
It was found that if the veins to botli ears of a rabbit are ligated 
and the cervical sympathetic cut on one side, edema develops only 
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in that ear These expenments were widely considered to disprove 
the conception that venous obstruction produces transudation b> 
elevating the pressure m the capillaries, and to indicate that vaso- 
motor factors, w Inch could not be more closely defined, w ere respon- 
sible for the transudation However, Cohnheim* soon showed that 
even in Ranvier’s experiment it was actually the obstruction to 
venous return that was responsible for the edema He found that 
after ligation of the femoral vein in the dog the pressure within it 
rises to about SO or 100 mm of water But after the corresponding 
sciatic nerv e is cut, the increased aOlux of blood resulting from the 
vasodilatation elevates the pressure m the occluded femoral vein 
to 280 mm of water Cutting the sciatic nerve thus serves to 
increase the venous pressure, which indicates that the capillary 
pressure is also elevated Hence, the result of Ranvicr's experi- 
ment is in excellent accord with the explanation of edema in venous 
occlusion as a result of increased capillary pressure IMorcover, 
Cohnheim and Sotmtschew sky* showed that if the veins of the hind 
limbs of a dog be completely occluded with plaster of Pans, edema 
develops without the necessity of dividing the sciatic nerve These 
expenments futi> justify Cohnheim’s conclusion that it is indubit- 
able that the fluid of edema is expressed from the capillaries and 
smallest veins as the result of a rise of pressure proceedmg from the 
venous side ” 

lu such expenments on the production of edema by constnction 
of an extremity, the impediment to lymphatic drainage is doubtless 
also significant It has long* been knowm that when the venous 
return from a limb is obstructed, there is a great increase m the 
amount of I>mpii formed In constriction expenments, this com- 
pensation for venous obstruction is, of course, inhibited But the 
same is quite possibh true m human cardiac failure with venous 
engorgement The increased venous pressure may offer added 
resistance to the emptying of the Ijraph into the venous sjstem 
and thus produce corresponding stagnation in the IjTnphatics 

In recent vears several quantitative studies have been earned 
out on the production of edema m humans bv constnction of an 
cxtremitv I\Iende®‘ found that such constnction results in pitting 
edema when the volume of the extremity has been increased 10 per 
cent, Drurj and Jones" observed this figure to be about 8 per cent 
They notwl tint the rate at which edema is produced by sucli 
constnction increases as the venous pressure is raiseil, and that 
the rate of transudation graduallv declines as edema collects in the 
limb Similar studies were earned out by Krogh, Landis and 
Turner," who used a pressure plethjsmograph which compressed 
the blcKxl vessels and thus permitt^ the accurate determination 
of small clianges in tissue volume Thci found that fluid accumu- 
lates in the tissue spaces when the constriction elevates the venous 
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pressure abo\e 15 or 20 cm of water Above a venous pressure of 
17 cm of v\ atcr, the rate of filtration is directly proportional to the 
increase m venous pressure They further found that when the 
colloid osmotic pressure of tlie blo^ is elevated by standing,* the 
rate of filtration produced bj a given venous pressure is lower 

Role of Increased Capillary Pressure in Cardiac Edema —In the 
foregoing, It has been seen that clinical observation demonstrates 
tlic close correlation of cardiac edema with venous stasis It has 
also been seen that edema can be produced experimentally, both in 
animals and man, by adequate venous obstruction The next 
question that arises concerns tlie mechanism through which venous 
stasis produces edema Available evidence seems to speak stronglj 
m favor of the following conception As a result of venous stasis 
the venous pressure is mcreaseil The venous h>-pertcnsion results 
m an increase in the hydrostatic pressure in the capillaries This 
capillary hypertension displaces tlic equilibrium between the hydro- 
static pressure m the capillaries and the colloid osmotic pressure 
so that filtration is locreascil and resorption diminished, the result 
of which 13 edema That increase m capillary pressure has this 
consequence has been prov cd directly by the beautiful experunents 
of Landis'* on the frogs mesentery lie showed that when the 
hydrostatic pressure lu a capillary was elevated above Uie colloid 
osmotic pressure of the bto^ transudation occurred According 
to tins conception, tlicn cardiac edema m pnmanhj a sympioia of 
capillary hyjKrtenaion Strongly in favor of this view is tlie above- 
mentioned finding of Drury and Jones and ICrogh, Landis and 
Turner that when the venous return from the limb is impeded by 
constriction, tJio rate of formation of edema is proportional to the 
V cnous pressure 

Ihe theory that eardne edema results pnmanly from increased 
hydrostatic pressure in the capillaries thus seems very probable 
In accord with this conception, Mueller** and others observed with 
the capillary microscope that the venous limb of the capillaries is 
(lilateti in cardiac failure with venous engorgement However, 
until lately the increased capillary pressure m right heart failure 
was not unequivocally demonstrated by direct measurement It is 
true tYiit vonBasdi'* Litfecsny ' and iAViCTS iwond Vae capvttary 
pressure elevated m heart failure, but this was not the case m most 
of the cases studied by Boas and Dooneief * These investigators 
used indirect methods of uncertain reliability** so the disagreement 
is not surprising Recently, Fahr and Ershler** have filled the gap 
by measuring tlic capillary pressure m right heart failure by Landis’ 
direct technic of mtroduung a very fine glass cannula directly 

* Thompson rt nt ** ha^-e Bbown that protracted standine mcrcases the concentro 

Uon of the blood and consequently the coUokI osmotic pressure evidently aa a 
rcBuU oJ UanBudalson of pTOt«iB-p«* fltwd jnto U« lower extretnilics 
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into the blood capillarj They found that while nonnally the 
pressure m the \ enous end of the cutaneous capillary loops a\'erages 
12 mm Hg in 5 patients with edema due to right heart failure this 
pressure was between 25 and 41 mm In one of their patients 
improvement of the right heart failure was accompanied by fall 
m capillary pressure from 25 to 12 mm These obseiwations lend 
strong support to the theory that increased hydrostatic pressure in 
the capillaries is concerned m the genesis of cardiac edema 
It should be mentioned that the theory here supported, that 
capillary hypertension is the fundamental cause of cardiac edema, 
is not uni\ ersally accepted For a detailed exposition of the argu- 
ments against it, the reader is referred to Volhard s** monograph 
He believes that the essential factor m producing cardiac edema is 
not increased capillary pressure but rather injury to the capillaries 
due to the asph^Ttia of the tissues produced b> circulatory retarda- 
tion That increase in capillaiy permeability is at most a secondary 
factor m the genesis of carduc edema w'lll be seen below 
The Colloid Osmotic Pressure of the Plasma and Cardiac Edema 
— Epstem,** Rowe,** Payne and Peters” Thomson,*^ and others 
liavc found that the protem content of the blood plasma is often, 
though bv no means alwa\s diminished in patients with cardiac 
insufficiency This is especial^ often the case when the heart fail- 
ure IS of protracted duration, when edema appears soon after the 
onset of heart failure, I ha\e repeatedly observed normal concen- 
tration of plasma proteins The diminution affects the albumin 
fraction either exclusively or much more than the globulins The 
decrease ni alburam content entails a corresponding diminution in 
the colloid osmotic pressure of the plasma which has also been 
demonstrated by direct measurements of colloid osmotic pressure 
earned out by Iversen and Nakazawa” Payne and Peters found 
that the decrease m protem content of the plasma paralleled the 
nutritional state of the patient and therefore attribute the former 
to malnutrition, largely on the basis of anorexia and sometimes also 
vomiting Some cardiacs lose considerable protem in the urine 
over protracted periods, wbicli may be significant, especially if 
engorgement of tlie liver interferes with the regeneration of tlie lost 
protein, there is some, though not conclusive, evidence that the 
plasma proteins are produced in the liver The restneted diet on 
which most cardiac patients are kept may also contribute to hypo- 
proteinemia The same is true of patients with ascites or hydro- 
thorax who are repeatedly tapped, and therebv lose protein 
It would seem very probable that diminished colloid osmotic 
pressure of the plasma in cardiac failure often play s an accessory 
rfile m favoring the development of edema We have cited above 
the findings of Krogh, l^andis and Turner that diminution m colloid 
osmotic pressure increases the rate of edema formation in expen- 
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mentnl \ enous stasis the same is doubtless true in human right 
heart failure However hj-poprotcineraia cannot be the essential 
factor m cardiac edema for it is sometimes absent and is rarely 
marked enougli to explain in itself tlie transudation 

The Penneabihty of the CapUlanes in Cardiac Edema — Tliere 
IS toiisiderable e\ idtnce to sliow that m health the subcutaneous 
capillaries are almost impenncablc to protein IIo\ve\er it bas 
been found that if the capillaries arc damaged bj arsenic alcohol 
or lanous other poisons they become permeable to protein Of 
significance m tlie present connection is the finding of Landis » 
that cainllancs are rendered iicfincable to protein by oxj gen deprn a 
tion of tlirec minutes dur-itioo 

It has been tliought that circulatory failure chmages the capil 
lanes and some ha\e cndcaeored to exjilain cardiac edema on 
this basis It 13 true that under the conditions in which cardiac 
edema occurs tl e penneabihty of the capillaries in the edematous 
area is increased Ihis is indicated by Uic protein content of the 
edema fluiil which is genemlh about 0 2 to 0 5 per cent and espe- 
cially that of the elTusums mto tlie serous ca\ itics which may reach 
3 per cent or more It is quite plausible though not proved that 
tlie increase in permealnhtj is a consequence of defective nutrition 
of the capillaries resulting from slowing of blood flow througli them 
\\ hen uiarked irtenal anoxemia is present as a result of pulmonary 
changes tins may also contribute Another possibility that must 
be considered is that the mcreaseel permeability to protein is due 
to tlie dilatation of the v enous ends of the capillaries that is present 
in \ enous stasis Krogli * has brought c\ idence that under certain 
circumstances capillary dilatation increases the permeability 

Nevertheless it scarcely seems probable that the increased per 
raeabihtv of capillaries is more than an accessory cause of cardiac 
edema The protein content of tJic edema fluid generally less than 
0 5 per cent docs not indicate a v ciy staking increase m permenbd 
ity \ccording to Starlings tlicorj the way m which increased 
permeability of the capillaries to protein favors edema would seem 
to be as follows Under normal circumstances the plasma contains 
about 7 per cent of protein and the intercellular tissue fluid practi 
cally none The hydrostatic pressure m the capillaries is therefore 
opposed by the colloul osmotic pressure of 7 per cent of protein 
But if the capillaries arc so permeable to protein that the tissue 
fluid contains 3 per cent of protein this partially counterbalances 
the plasma protein so that the Jiydrostatic pressure is ojiposed by 
the colloids osmotic pressure of only 7 — 3 = 4 per cent of protein 
and edema would probably result Since m cardiac dropsy tlie 
subcutaneous edema contains not 3 but less than 0 5 and some 
times less than 0 2 per cent of protem it would seem that this 
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factor can be quantitatively of but little significance m producing 
subcutaneous edema But m the case of ascites and hjdrothorax, 
•which may contain 2 or 3 per cent of protein, tlie increased capillary 
permeability may be a \er} imporUuit factor This is probably 
especially true in longstanding effusions which recur repeatedly 
after tapping, although the subcutaneous edema has cleared up, 
in such effusions, the protein content is usually v ery high 

Summary —Cardiac edema (other tlian pulmonary) occurs m 
right heart failure and m hypodiastolic failure but not in insufii- 
ciency of the left heart or the peripheral circulatory failure of shock 
This occurrence of cardiac ^ema indicates that it results from 
venous engorgement There is much evidence showing that venous 
engorgement produces edema primarily through the intermediacy 
of increased hydrostatic pressure m the capillaries ■Vceessory fac- 
tors m the pathogenesis of cardiac edema are increased permeability 
of the capillaries to protein and decrease m the colloid osmotic 
pressure of the plasma It would seem that the factor of increased 
capillary permeability is more significant in the pathogenesis of 
effusions into the serous sacs than of subcutantous edema Ihe 
absence of peripheral edema m left heart failure and the peripheral 
circulatory failure of shock shows that diminution of blood flow 
per ae, and w ithout increased capillary pressure, does not produce 
edema 

SEEOOS EFFUSIONS 

The picture of cardiac dropsy often includes effusion into the 
serous sacs In fact, while not the rule it is not uncommon for a 
serous effusion to antedate subcutaneous edema, which may not 
develop at all This is especially true of hydrothorax roentgen 
examination reveals that quite often small or more rarely large, 
pleural effusion is the only evidence of transudation due to heart 
failure Fluid may reaccumulatc repeatedly in the pleural cav ity 
as a result of heart failure although anasarca is at no time demon 
strable While ascites may also develop m the absence of anasarca, 
tins IS uncommon apart from instances of constructiv e pericarditis 
or complication by sev ere hepatic changes Predominance of ascites 
over other dropsical manifestations has seemed to me more common 
m childhood, perhaps because of greater frequency of clinically 
occult pencardial involvement at this age \t necropsy of indi- 
viduals succumbing to heart failure, the volume of fluid in the 
pericardium is gcnirallv increased, but significant In dropencardium 
seems to be a rarity The volume of cerebrospinal fluid is appar 
ently not mereased (page 277) Nor hav e I seen by drartbrosis purely 
as a result of heart failure When caniiac dropsy is absorbed, the 
serous effusions usually outlast the anasarca 
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It w an intertstuig and long-known fact that cardiac hj drothora-? 
IS often unequal on the t\\ o sides, usually predominating on the right 
The following stitistica regarding this point are guen by Steele** 
Thcplturnl ciTusions were unequal on the two sides m three-fourths 
of 7') patients with hjdrothorax due to heart failure In one-fifth 
of the cases, tin, tffusion was unilateral Of the unequal effusions, 
the larger was on the right side m tlirce-fourths of the cases, while 
of 13 unilateral effusions, 10 were on the right side Similar findings 
lia\ e been recorded by Stengel" and others Steek noticed that 
predominance of right hjdrothorax tends to occur witli greater 
enlargement of tlie right heart, while in 0 of 11 instances of left- 
sided effusion, the kft heart was especiall> enlarged Unilateral 
canliac lijdrothorax often recurs rcptitedl> after aspiration without 
effusion into the otlicr pleura, it has been said (Gerhardt, cited by 
Jfatthes”) that this occurs especially in older mdividuals, which is 
in accord witli what I have seen 

Not onl> is larclmc hjdrothorax not uncommonly unilateral, but 
on rare occasions it is encapsulated, either in the general pleural 
cavity or m an interlobar fissure Instances of encapsulated hydro- 
thorax in heart failure have been reported by Stewart," Kiser** 
and Austrnii,* I have seen two such cases recently m which diag- 
nostic diflicuUics were at first encountered The dependence of 
these interlobar effusions on heart failure is shown by the nature 
of the fluid obtained on aspiration and particularly hy the fact that 
they clear up with unpeovement of the heart The encapsulation 
of cardiac hjdrothorax results from pre-existent pleural adhesions 
I’lcural adhesions themselves raaj swell greatly as a result of 
edema due to heart failure and cause roentgen sliadows at the 
periphery of the lung field which may be difficult to interpret cor- 
rectly (ZAlansky*®) 

The fluid in cardiac effusions is generally of a pale straw color 
but may be a deeper yellow or amber Usually, it is clear and 
shows no tendency to clotting, but long-standing effusions may be 
somewhat cloudy and even contain flakes of fibnii Complication 
Uy udaicluin. of the lung may render tlie fluid bloody Otherw ise, a 
sanguineous appearance is accidental and a result of the puncture 

Regarding the protein content (for detenmnations of the colloid 
osmotic pressure see Ivcrsen and Nakazawa**) and specific gravity, 
which w determined predominantly by the jirotein content, tlie 
following average figures have been collated by Dickinson‘“ from a 
large number of cases of heart disease studied by himself and others 

Protc n MptrnL 


Pleura 
Pentoneum 
Pencudiuts 
Anasarca fluid 


SppeaSc travily per cent 

I 013 2 11 

1 014 2 34 

1 018 3 08 

1 008 0 35 
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It is thus seen that the protein content of the serous transudates 
in heart failure— as m other forms of transudation— is much higher 
than that of the subcutaneous edema fluid It is also higher than 
that of serous effusions in nephrotic dropsy (Epstein^*) Evidently, 
the processes leading to tlie formation of transudates in serous 
cavities as a result of heart failure are accompamed by relatively 
high permeability to protein of the cipillanes of the serous mem- 
branes The result is that the protein content of the cardiac 
transudates tends to approach that of inflammatory exudates 
This 13 especially often the case m long-standing effusions which 
have been tapped repeatedly, here, of course, it is possible that the 
increased protein content is actually the result of secondary inflam- 
matory processes It is widely accepted that specific gravity of 
1 018 or more and protein content of o\er 4 per cent indicate the 
inflammatory nature of an effusion But there are also instances 
of definitely inflammatory exudate (e g , in tuberculous pleurisy) 
with somewhat lower specific gravity and protein content The 
result 13 that not uncommonly one encounters borderline cases with 
specific gravity between about I 013 and 1 019 m which it cannot 
be stated from this criterion alone whether an effusion m a patient 
with heart disease is a transudate resulting from cirdiac failure or 
13 of inflammatory origin I have several times had this difficulty 
m pleural effusions in patients with active rheumatic fever and 
cardiac insufficiency Usually, if one adds a few drops of glacial 
acetic acid to an exudate, a cloud appears which rcdissolves in an 
excess of acid, while the cloud does not appear in transudates But 
I have not found tliat this or any of the other similar “tests” 
afford more information than does the simple determination of the 
specific gravity 

Cy tologically , it w as long ago pointed out by Widal and Rav auU* 
that cardiac effusions contain a large number of endothelial cells 
These are often present m plaques In transudates of considerable 
standing, notably in bloody hydrothorax i\hen pulmonary infarc- 
tion complicates heart failure, these cells maj closely simulate 
those of mesothelioma of the pleura, in a recent case of tins nature, 
malignant disease was strongly suspected by a competent pathol- 
ogist on the basis of the cytology of the pleural fluid There are 
often also a considerable number of lymphocytes, and red blood 
cells may be abundant As a rule, poly morphonuclear leukocytes 
are not prominent, but these are exceptions to this rule, espcciallj 
when there is also pulmonary infarction, consc*quently , this crite- 
rion for differentiation from inflammatory exudation is not infallible 

The development of hydrothorax usually aggravates the symp- 
toms of heart failure which are already present, espcciallv djspnea 
This is probably largely due to displacement of the heart with 
kinking of the great veins, but with large effusions the compression 
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of the pulmonary pareiicbjma may a!io be significant It should 
be remembered t)iat if a pleural elfusion in an adult is demonstrable 
by phjsical examination. 500 cc or more arc generally present, 
and removal of httle more than ^ns amount often affords marked 
relief Tor tins reason, the early detection of Jij drothorax in cardiac 
patients IS important 'llie physical and roentgen signs of cardiac 
li> drothorax do not differ from those of pleurisy uith effusion 
except that mobility of the upper bonier of Ibc fluid is more often 
demonstrable m h^drotliorax because limitation of the Huid by 
pleural adlicsious is less often present tJian m inflaramatorj' disease 
Palhogenesia — Ihe mecliamsins leading to transudation into 
the tissue spaces and serous cavities in he irt disease have already 
been discussed (page 192) Ilowevcr.whilehvdrothoraxmostoftcn 
occurs in the presence of subcutaneous edema, this is not invariably 
the c iso, and either may be found in the absence of tlie other It is 
therefore evident that m addition to the general pathogenetic factors 
resulting in cardiac dropsy , there must be additional, local mechan- 
isms favoring or mlubitmg Innsudalion into the pleura This is 
alsoindicatcil bj the fact thatcardiach^drotlioraxma) be unilateral 
and is most often unequal on the two sides 
The venous drainage of the pleura is into both the superior vena 
cava and the pulmonary veins Ihts anatomical peculiarity sug- 
gests that either right or left heart failure may tend to raise the 
pressure in tlic pleural veins and capillaries and tiius favor the 
occurrence of hydrothorax However, hydrothorax does not occur 
m isolated failure of tlic left heart even when the latter is severe 
enough to lead to pulmonary ciJema apparently, the venous return 
through the channels which empty into the azygos veins and then 
into the superior vena cava and right heart is adequate to prevent 
passiv c engorgement of the pleura sufficient to produce hydrothorax 
biimlarly, I have seen several instances of pure right heart failure 
in wlucli hydrothorax did not appear although there was massive 
peripheral edema and even asates In these cases, it seems plaus- 
ible to believe tliat the venous return into the pulmonary veins 
and left heart sulBoid to prevent transudation into the pleura 
How ev er, tliat compklc obstruction of the azy gos major v em suffices 
per se to produce by drothorax is shown by ^^'est s’*' case m which 
thrombosis of this vessel resulted m recurrent right hydrotborax 
But in tlie procluction of cardiac hydrothorax it woUlil seem iJiat 
insufficiency of botJi tlie right and the left sides of tlie heart with 
resultant engorgement of both the superior vena cava and pulmon- 
ary veins is usually prerequisite In this respect, cardiac by dro- 
thorax differs from peripheral edema, whidi is correlated almost 
solely with engorgement of the ^stemve veins 

There have been a number of attempts to exphm the predomi- 
nance of right-sided by drotliorax m heart failure The moat w idely 
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held view first advanced bj BacceUi* in 1863, and has since 
been widelj accepted with vanous modifications Pie thought 
tliat the increased weight of the enlarged right heart carries the 
superior vena cava downward and with it the vena azjgos major 
This would draw the latter vein tightly around the root of the right 
lung and thus compress it Since then, other investigators have 
thought of direct compression of the vena azjgos major against 
the root of the right lung b> tlie dilated right heart, the view 
favored by Steele and Stengel Against this theory, however, 
Tetterolf and Norris’* point out that it is anatoimcaII> impossible 
for the heart, either dirtctl> or indirectly, to exert pressure on 
the azvgos major vein Fetterolf and Norris believe that the nght- 
sided effusions are due to compression of the right jmlmonary veins 
in the root of the lung by the dilated right auricle, and the left- 
sided effusions are similarly due to compression of the left pulmon- 
ary veins by the dilated left auncle But it would seem that the 
usual absence of pulmonary edema in patients w ith cardiac hy dro- 
tliorax speaks against tins theory, as does the converse fact that 
pulmonary edema resulting from hvpertension of the lesser circula- 
tion m left heart failure is generally not accompanied by pleural 
effusion It has also been thought that the presence of an enlaiged 
liver may interfere with the respiratory movements of the right 
chest and thereby tend to hamper the absorption of fiuid from that 
side Anotlicr factor considered by West is that the predominance 
of the effusion is determined by which side the patient lies on 
Wilde It 13 probably true that lying on one side will increase the 
effusion there, it scarcely seems that this can be the sole e\plana 
tion, I have seen nght-sidcd effusions in which the patient reclined 
mostly on the left side Actually I believe that the usual sequence 
of events is that the effusion first forms and tlicn the patient prefers 
to he on this side because it does not interfere vv ith the mov ements 
of the uncompressed lung Rectntlv, Satke” has found that m 7 
of 8 healthv persons the negative pressure was greater in the right 
pleural cavity than m the left, while in the remaining individual 
the pressure was practically the same on both sides lie believes 
that tins fact explains tlie predominance of right sided effusions 
But it does not explain the left-sided effusions All in all, it would 
seem that the causes of unequal pleural effusion in heart failure 
have not yet been clucidatex! 


ASCITES 

Asates occurs in those fonns of heart failure which produce 
systemic venous engorgement, t e, nght heart failure and hypo- 
diastolic failure The ascites of the latter is discussed on page CIO 
Here it will merely be remarked that recurrent ascites, simulating 
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that of mcdiastino-pencarditis, may occur in right heart failure 
due either to rheumatic or artcnosclcrotic lieart disease, and 1 ha\e 
also seen it on rare occasions m sy|)Iulitic lieart disease The patients 
haie usually had a protratteil penod of right heart failure with 
long-standing engorgement of the liver, the hepatic changes may 
uell be concerned m the occasional predominance of the ascites over 
the subcutaneous edema and li^drothorax 
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CHAPTER XIII 

THE LUNGS I PULSIONiUlY ENGORGEMENT 

A wiit.E part of tlic symptomatology of heart failure is directly 
attributable to passu e engorgement of the lungs Indeed, so 
completely may pulmonary symptoms dominate the clinical picture 
of licnrt failure that one is not uncommonly m doubt whether a 
<l>spueic and cyanotic patient is sulTenng from primary disease of 
the heart or of the lungs The shortness of breath which generally 
first signals the onset of heart failure is a manifestation of pul- 
monary engorgement (page 121) The rationale of tlie usual 
predominance of sy mptoms of congestion of the lungs is obvious 
the common forms of heart failure— those resulting from hyper- 
tension, coronary arttnoscltrosis, and mitral and aortic valvular 
defects— arc initiated as msufiicicncy of the left side of the heart, 
of Vihiclv pulmonary engo^eroent is an inevitable consequence 
Throughout Uie entire course of heart failure, pulmonary manifes- 
tations constitute an omnipresent danger, and in most instances of 
cardiac disease tlic end is ushered m by morbid processes in the lungs 
In the following, we shall first describe passive engorgement of 
the lungs, and Uien its tlirce mam complications— edema o! the 
lungs, pulmonary infarction, and bronchopneumonia 

PATHOGENESIS OF PtJLMONART ENGORGEMENT 
Passive engorgement of the lungs results from failure of the left 
side of the heart which is not accompanied by equally severe func- 
tional depression of the right ventricle The reasons why pulmo- 
nary engorgement dev clops under these circumstances are inherent 
m the mechanism regulating tlic lesser circulation For this reason, 
we shall discuss first the regulation of blood flow tbrougb the lungs 
in health 

The Regulation of the Pulmonary Circuit —Contrary to the state 
of atFairs in the systemic circuit, the chemical and nervous control 
of the ciliber of the small pulmonaiy vessels, while it exists, is of 
secondary significance m regulating tlie volume of flow through 
the lungs In the greater circulation, such chemical and nervous 
regulation having its site of action w the small peripheral vessels is 
indispensable l>ecaus>e it is the only means by which blood can be 
diverted from a resting organ to one whicli is active at the time 
and therefore needs a larger portion of the cardiac output In the 
lungs, on the contrary, such collateral differentiation* is hardly 

• Whether those parts of the luites wtuch »re most actively ventilated receive a 
more copious blood supply remsina to be detemnn*'! Bui even if such vs actually 
the case the regulation way nell ^ sccowplisbed Ibroush the facilitation of blood 
flov? by the more ample rcspitsloty exctusiona ta the more active parts of the lungs 
1206) 
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needed, for the different parts are functionahj- equivalent It is 
tlierefore not surprising that a number of m\ estigators (see ^Viggers’‘ 
for summary) have established that the tolume of blood flow through 
the lungs w determined pnmanly by the activity of the heart, and that 
in health v anations in the resistance in th6 lungs are of little moment 
Histological studies have shown that the caliber of the arterioles 
(the mam factor m the resistance to blood flow) in the lungs is 
much greater tlian m the sj stemic circuit, according to the measure- 
ments of Miller*^ the precapillary arteries of the lung have a mean 
diameter of 80 microns, while that of the corresponding vessels of 
the greater circulation is but 10 or 15 microns The capillaries of 
the lung are also very wide The blood consequently encounters 
little resistance and flows rapidly through the lungs despite the fact 
that the mean pressure in the pulmonary artery is probably only 
of the order of 25 mm of mercury Further, the studies of Hall,® 
Toyama^ and others have shown that, as m other organs, there are 
many “reserve” capillaries which are opened when blood flow is 
increased And m most conditions of heightened blood flow, the 
depth of respiration is increased, with resultant augmentation m 
the average cross-section of the pulmonary capillary bed due to 
the distention of the lungs Ihe consequence of these arrangements 
IS that, in health, any volume of blood which is returned to the 
right heart from the great v eins is readily pumped through the lungs, 
apparently with comparatively little rise of pressure m the pulmo- 
nary artery 

Further, the efBciency of the Jiealthy left heart is so great that 
It IS readily able to master tlic volume of blood that is pumped 
through the lungs and thus avert stasis m the pulmonary veins, 
the pressure m the latter oscillates around atmospheric— rising 
above during expiration and falling below during mspiration—even 
when the volume of blood flow through the lungs is very great 
This accommodation of the activity of the left heart to the volume 
of blood flow through the lungs is effected through the mechanism 
expressed in Starling s law of the heart (page 302) and has been 
beautifully illustrated by Henderson and Prince*® Working with 
dne perfused cat’s Wait, tb^ tneaswied tVie effect of ebange wi fibvng 
pressure on the individual output of each ventricle Henderson 
and Prince found that when the filltng pressure is below 5 cm 
of water, the output of the right ventricle is greater than that of 
the left, which would tend to cause blood to accumulate in the lungs 
and thus prevent undue depletion of the pulmonary circuit under 
conditions of small venous return to the right heart Detween 5 
and 8 cm fillmg pressure, the outputs of the v entnclcs are approxi- 
mately equal, which would maintain tlie blowl content of tlie lungs 
close to a constant lev el It will be noted that these filling pressures 
correspond to those present m the healthy resting individual, for 
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tlic pressure m tbe pulmonary veins and venoj cava, is about 
atmospheric this la actually a po«tive pressure of the onler of 
5 cm vvlicn referred to the negative intrathoracic pressure At fill, 
mg pressures liighcr linn 5 to 8 cm , Henderson and Pnnee found 
that the output of the left \ eutncic is greater than that of the right 
They conclude that this ability of the left v cntricle, under high 
pressure in the lungs, to pump more tlian the right w tlie function 
which normally prevents pulmonary congestion 

CoadiUons Leading to Pulmonary Engorgemant —In the light of 
iJicsc facts, It IS evident that two conditions are required for the 
production of passive pulmonary engorgement 

1 lasufficiency of the Left Side of the Heart — This is tlie prime 
cause of pulmonary engorgement, the circumstances under which 
it occurs are discussctl clscuhcrt -f^o) It may be said tliat, 
b^ means of the regulatory mechanisms described m the preceding 
paragnphs, the blood content and pressure withm the pulmonary 
circuit are mamtamed at levels inversely proportional to tlie func- 
tional clficicncv of the left heart When the left heart weakens, 
Its failure to empty completely, while part passu the right ventricle 
continues to discharge its previous quantum of blood, results in 
accumulation of blood and nsc in pressure m the pulmonary veins 
This entails an mcreasc in the pressure at which the left heart is 
filled during diastole According to Starling s law of the heart, 
tins evokes more powerful contraction of tJie left heart The 
result IS that the output of the left heart is once more equal to that 
of tiic right, and tlic circulation is again in equilibrium, albeit only 
at the expense of higher pressure and engorgement in the pulmonary 
circuit 

2 An Adequate Output o( the Right Heart. For it is obv lous that 
weakness of tlic left heart will not result m pulmonary engorgement 
if the minute v olume of the right heart is correspondingly decreased 
Such decrease in the output of the right ventricle may result from 
failure of this chamber itself or from tbe diminished venous return 
present in peripheral circulatory failure The first circumstance is 
often illustrated m patients with severe pulmonary engorgement due 
to mitral stenosis or the left ventricular failure of Jiypertensive or 
artennsclerolicbcartdjscasC/iD whom orthopnea and other manifes- 
tations of pulmonary congestion may be relieved pan pajsn with the 
appearance of systemic venous cngoigement when the right heart 
fails The, same mechanism is probably the basis of the relief that 
patients with engorged lungs often e.vpcrience as a result of venesec- 
tion On the other hind when the venous return to the heart is 
increased by exercise m tlie presenw of insufficiency of the left heart, 
pulmonary engorgement that was not evident at rest may be mani- 
fested by dy spnea Indeed vigorous exercise under such circum 
stances may result m pulmonary edema or hemoptysis 
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A third circumstance that favors the development of pulmonary 
engorgement in debilitated and bed ndden individuals is weakness 
of the respiratory movements The ventilatory movements aid 
the pulmonary circulation and when thej are feeble so-called 
h^Tiostatic congestion is a danger (page 211) 

The Effects of Left Heart Failure on the Pulmonary Circuit — 
^Vhen the left heart becomes insuffiaent sjstolic emptying is not 
as complete as previously The result is an increase in tlie volume 
of blood present m the fading chamber at the beginning of diastole 
and a rise in the pressure within the chamber at this time If it 
is the left ventricle that fails primarily the increase in diastolic 
tension within the left auricle appears only when hv-pertrophy of 
this chamber is insufficient to compensate for the added work Rise 
m the diastolic pressure within the left auricle tends to slow blood 
flow along the pulmonary circuit and to result m accumulation of 
blood with consequent rise m pressure within these vessels Such 
increase m pressure m the pulmonary artery induces more forceful 
contraction of the right ventricle (page 301) To the extent that 
the right ventricle increases the force of its systole the blood flow 
tlirough the lungs is accelerated this factor nmy suffice to restore 
the velocity of flow in the pulmonary circuit to that present before 
the left ventricle failed Cnder such conditions tlie dynamics of 
the circulation arc so altered that while the velocitj of blood flow 
and the cardiac output are unchanged the pressures within the 
pulmonary circuit are elevated above those existing before the left 
heart faded But if the right ventricle does not increase the force 
of Its sjstole sufficientlv blood flow along the pulmonary circuit 
will be corrcspondinglv slowed 

Insufficicncj of the left heart thus results in the following three 
disturbances in the pulmonary circulation 

1 Increase in the volume of blood contained in the pulmonary 
vessels Ibis is revealed bv dark lung fields and wide dense hilus 
shadows m the roentgenogram Evidence will be cited below 
(page 210) which indicates that for a considerable period of left 
heart failure especially at the onset the surplus blood which 
accumulates in the pulmonaiy circuit may be accommodated entirely 
in the V enous half of the circuit 

2 Increase in the pressures within the pulmonary v essels dim 
callj this is usually evidenced by accentuation of the pulmonary 
second sound \natomicallv it is mamfested by the arteriosclerosis 
and artenolosclerosis wliicli are present in almost all instances of 
protracted left Iicart failure Hyjiertropby of the right ventricle 
w hich dev clops m protracted left heart failure is also a manifestation 
of the liyTicrtension of the lesser circulation 

3 Decrease m the v elocity of blood flow along the pulmonary 
circuit By means of the radium C metliod (page oO) Blumgart 

It 
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and Weiss* found that m patients with left \cntncular failure, the 
slowing of blood How is largdy m the pulmonary circuit Using 
the sicclmrin mctliod, Ilitzig, King and the wntcr>» found that 
tlic % clocity of blood flow through the lungs is prolonged in the\ast 
majonti of patients w ith sj mptoms of insufficiency of Uie left heart 
In such piticnts, the arm to-tongue circulation time is often triple 
tile normal, despite normal pressure m the antccubital vein, indi- 
cating functional competence of the right side of the heart In a 
number of eases of early left \uitncular failure, we found that 
while the arm to-tonguc circulation time measured with saccharin 
was prolonged, the arm to-lung circulation time measured writh 
ether (page 52) was normal Ihis finding shows that m the cases 
m question the slowing of blowl flow was m the venous half of the 
puhnonarj circuit, t e , the portion doicnstream to the arterial 
capillaries of the lung Since the velocity of flow is inversely pro- 
portional to the cross-section of the stream bed, the slowing of 
iluw jn the venous half of tlic pulmonary circuit indicates tliat in 
initial left heart failure the excess of blood above the normal eon- 
tamed m the pulmonary circuit is accommodated m the venous 
half of the circuit • 

In exceptional instances of otherwise typical left heart failure 
with severe orthopnea and dyspnea Hitzig, King and the writer 
found the pulmonary circulation time normal In such cases, it 
IS to be prtsumc<l that the nght ventricle increases the force of its 
contractions suffiacntly to propel the blood through tlie pulmonary 
circuit at a normal velocity, despite the increased resistance due to 
the elevation of the diastolic pressure within the failing left heart 
However, this is accomplished only by the maintenance of higher 
pressure witlim tlic pulmonary vesseb, which results in the dyspnea, 
hemoptysis and other symptoms from which such patients suffer 

PATHOLOGICAL ANATOMY OF PULMONARY ENGORGEMENT 

When the chest is opened, engorged lungs do not collapse as 
much as normal organs They are rather heavy, of increased 
consistency, cut with more resistance than visual, and while crcpita 
tion IS present it is generally less than in an undianged lung If 
the engorgement is of relatively recent inception the cut section 
is most often predominantly red m color (red induration) When 
the stasis has been present for a considerable time, the section 
presents a characteristic brown or rusty brown color (brown indu- 
ration) which becomes red on standing Often, hemorrhages and 
mfarcts m v anous stages of evolution or resolution are present In 
many intensely engorged lungs, squeezing or scraping the surface 
with the kmfe reveals no edema but in others abundant, more or 
less bloody and frothy fluid can be expressed In long standmg 
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cases, the small arteries may stand out because of their thickened 
^alls and the larger ones may have patches of atheroma The 
v^alls of the bronchi arc dark red and often thickened, the lumens 
generally contain thick mucus which is often bloody and may be 
purulent 

Jlicroscopically, the outstanding feature is the intense engorge- 
ment of the wide and tortuous capillaries which protrude bud-like 
far into the alveoli and often dummsh the air space notably The 
alveoli contain red blood cells m varying numbers, often many 
desquamated alv colar epithelia, and generally some leukocytes The 
characteristic cellular element, however, is the so-called heart 
failure cell, which is found not only in tlie alveoli but in smaller 
numbers often also m the interalveolar septa as well as rarely m 
the capillaries and lymph spaces Sometimes, these cells are so 
numerous as almost to fill many alveoli They may be found in 
great numbers in the vicinity of old hemorrhages and infarcts 
Heart failure cells arc large mononuclear elements characterized 
by the presence in the cytoplasm of pigment granules, revealed by 
iron stains to be hemosiderin The pigment emanates from the 
hemoglobin of extrav asated red corpuscles, which disintegrate and 
are taken up by the phagocytic cells The origin of heart failure 
cells has been mucli disputed, they have been regarded as histio- 
cytes, as monocytes from the circulating blood, and as alveolar 
cpithcha It seems plausible that all these varieties of cells may 
assume phagocytic properties and take up the detritus of the 
erythrocytes 

In long standing pulmonary engorgement, moderate hyperplasia 
of the collagenous framework may occur Hyperplasia of the 
reticulum, elastic and muscle fibers has also been described Areas 
of atelectasis and of bronchopneumonia are almost always to be 
found, and not uncommonly there is considerable emphysema 
Corpora amjlacea arc not rare m the engorged lung, they have 
been attributed to agglutinated and hyahnized masses of red cells 

Hypostatic Congestion —Pulmonary hypostasis is a variety of 
pulmonarj engorgement that may develop when circulatory failure 
13 accompanied by weakness of the n»piratory movement It is 
especially apt to occur m the debilitated, the old, the comatose, 
and those who because of disease of the central nervous system are 
constrained to remain in one position The respiratory movements 
furnish considerable aid m the maintenance of the pulmonary cir- 
culation, although they are not indispensable when the heart is 
vigorous But when the left heart is failing, weakness of the 
respiratory movements favors accumulation of blood m the depen- 
dent parts of the lung, where the blood must overcome the force of 
gravity to return to the left heart Since the patients are bed- 
ridden, hjpostatic congestion occurs especially m the posterior 
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j)art3 of tJic lower lobes The distribution of the engorgement is 
affected bj the position m A\hich the patient lies and m hemiplegia 
nia> be largely on the paral>7ed side The affected lobes are heavy 
and of a dark red, suinctiincs almost black color Considerable 
portions arc atelectatic, not having been adequately ventilated by 
the feeble respiratory movements \rcas of hjpostatic congestion 
are often edematous, their appearance nia> resemble that of the 
spleen (spicmzation) As a rule, areas of brondjopneumoma are 
prei»ent m lungs that arc the scat of hjpostatic congestion 

CLINICAL PICTURE OF PULMONARY ENGORGEMENT 

Passiv e engorgement of tlic lungs is only one of the consequences 
of failure of tlie left heart I'or tins reason, the symptoms due to 
pulmonary congestion arc often conmmgled with other results of 
weakness of the left heart, and arc generally joined sooner or hter 
bj svstcmic venous engorgement, swelling of the hver, peripheral 
edema and other tv ulcnccs of failure of the right heart Neverthe- 
less, there arc man) instances of insufBcienc) of the left heart m 
winch the sjaiiptoms art almost exclusively those of pulmonary 
engorgement Svitli patients, especial!) wlien tWerl), arc often 
niistakenl) considered to suffer from primar) pulmonary or broo 
dual disease, notably cniphjscma, fibroid phthisis, bronchial 
asthma, carcinoma, or the much abused chronic bronchitis In 
the )ouiig, when cough and Ucmopt)sis arc outstanding s)'tnptoms 
mitral stenosis is not rarely confus^ with pulmonar) tuberculosis 
and the victim sent to a sanatorium 

Dyspnea —rxcrtional and parox)smal dj''pnea are the most 
common svmptoms of pulmonary engorgement and usually bring 
the patient to the ph) siaan Tlicv are generally accompanied by 
orlhoimca However, it should be mentioned that there arc in 
stances of marked pulmonary engorgement in which the patient 
docs not complain spontaneous!) of dyspnea and must be questioned 
directly to chcit its CMstciice 1 have several times seen individuals 
wiUi mitral stenosis in whom pulmonar) engorgement was demon 
strable on ndiographic e.\ammation, yet who claimed Uiat they 
w ere hardly , if at all, short of breath In such instances hemopty sis 
may be the only symptom of pulmonary engorgement Despite 
these exceptions, it is to be emphasized that pulmonary engorge- 
ment in the absence of dyspnea is very rare As has already been 
mentioned, when the right heart fails in a patient witJi pulmonary 
engorgement, dyspnea iniy dimmish jnn passu with increase m 
systemic venous engorgement, edema and swelling of the hver 
live pathogenetic relations of pulmonary engorgement and dyspnea 
are considered in detail in Chapter VII 
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Cyanosis —Cjanosis is another common symptom of passue 
congestion of the lungs, but is not nearly as constant as dyspnea 
Ihe development of very deep cyanosis other than terminally gen- 
erally bespeaks some complication, notably massive pulmonary 
edema or infarction, bronchopneumonia, or pleural effusion Of 
course, when pulmonary engorgement supervenes in emphysema, 
fibroid phthisis or congenital heart disease, the cj anosis may be 
very deep In patients with engorged lungs, dyspnea and cyanosis 
do not always run parallel Thus, when the right heart fails in 
such individuals, cyanosis may deepen as dyspnea and orthopnea 
are alleviated The relations of cyanosis to pulmonary engorgement 
are further discussed m Chapter XI 
Cough.— Cough IS frequently, but by no means always, present 
Since cough is not provoked by changes in tlie lung tissue per se, 
it IS to be presumed tliat pulmonary engorgement results m cough 
only when tiie transudate in the alveoli is sufficiently abundant to 
reach tlie larger bronchi, from which the cough reflev can be initi- 
ated A much more important factor in producing the cough of 
pulmonary engorgement seems to be congestion of the bronchial 
mucous membrane It will be remembered that the veins supplying 
the small bronchi anastomose freely with the pulmonary veins 
and that the bronchial veins dram partially into the latter The 
result is that the bronchi are inevitably implicated m pulmonary 
engorgement due to left heart failure Moreover, inasmuch as 
onother and larger part of the bronchial venous drainage, especially 
from the larger bronchi, is into the systemic veins the bronchi 
also become engorged as a result of right heart failure Passive 
congestion of the bronchi is thus a consequence of both left and 
right heart failure Engorgement of the bronchial mucous mem- 
brane results not only in swelling but also m a desquamative 
catarrh, the lumen containing mucus and cellular elements More- 
over, there is often also a secondary infectious element m the 
bronchial catarrh, as evidenceil by purulent admixture in the 
otherw ise mucous expectoration The resulting cough is v ery severe 
in many instances, and in some it is the outstanding symptom 
Especially the latter type of case, occurring in elderly persons, 
frequently goes unrecognized for a long time and is treated for 
broncliitis Ihe cough may be worse at night or present exclusiv ely 
at this time There is also a variety of nocturnal cough m patients 
with engorged lungs which is to be regarded as an “equivalent” of 
cardiac asthma, and which may be associated or alternate witli 
paroxysms of nocturnal dyspnea (page 147) In other patients, 
paroxy sms of cough are incit^ by exertion In ev ery elderly per&on 
w ith a protracted cough, ev en though it is a “ winter cougli ” clearing 
up with warm weather, the possibility of cardiac origin should be 
borne m mind 
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Tlie cough tJiat is assocjatwl with sutli complications of pulmonary 
engorgement ns infarction of the lung, massive pulmonary edema 
and broncUopneumoma will be discussed in connection with these 
conditions A parowsm of cough may precede the appearance of 
the blood in hemoptysis or the characteristic expectoration m pub 
monary edema On rare occasions, sev ere paroxysmal cough results 
from pressure on tlie primarj bronclii by the dilated left auricle 
in mitral stenosis (page 50(>) Another rate mechanism of cough 
in left heart failure is that sometimes associated with the onset of 
hoarseness in left recurrent laryngeal paralysis due to compression 
of tlic nerve by the dilated pulmonary artery (page 507), usually, 
the cough soon clears up although the patient remains hoarse 

In elderly patients with both emphysema and arteriosclerotic 
heart disease, one is not uncommonly in doubt whether cough is due 
to chronic bronchitis correlated witli the emphysema or to pulmon- 
ary engorgement due to left heart failure 1 he decision is naturally 
significant for the line of therapy to be followed In several cases 
that I have followeil, it has seemed to me that cough due primarily 
to the pulmonary and broncliial engorgement of left Iieart failure 
has in turn resulted in a considerable degree of emphysema The 
development of emphysema iii protracted pulmonary engorgement 
IS presumably also favored by the tendency of the dyspneic cardiac 
patient to hold his cliest in a rclatncly inspiratory’ position as 
a result of the disturbance m respiratory mechanics (page 222) 
The development of emphysema m clitonic pulmonary engorgement 
tiirovrs a further strain on the right heart a vicious circle being 
established 

Another similar dilemma is not rare in syphilitic aortitis in 
which cough and dyspnea may be due cither to pressure on the left 
bronclius by the dilated aorta or to left vetvtricular failure conse- 
quent on aortic insufficiency 

In the determination wbelhcr cough is due to pulmonary engorge- 
ment or to some other cause, measurement of the arm to-tongue 
circulation time is often of great aid, it is almost always prolonged 
m left heart failure, and nonual in such conditions as emphysema or 
aortic aneurysm without heart failure 

Expettotanon — tSic cough may be -anproducUve mare 
often it 13 accompanied bv expectoration This is generally mucous 
in diaractcr, but becomes purulent when there is secondary infec- 
tious bronchitis The sputum frequently contains points threads 
or streaks of blood As a result of its content m hemosiderin, 
free or in heart failure cells the sputum is often brownisli m color 
1 he entire sputum may be thus discolored or there may be brownish 
dots or streaks m an otherwise dear medium Even iti the absence 
of demonstrable infarction, the^utum may be diffusely and deeply 
bloody or resemble the rusty sputum of pneumonia Microscopi- 
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cally, the characteristic, though not constant, feature is the presence 
of the heart failure cells described above These cells are best 
sought m the brownish bits of mucus, if these are present They 
appear as relatively large elements from the size of a polymorpho- 
nuclear leukocyte to several times as big The cj tophsm contains 
>ellov\ish-brovvn or almost black hemosiderin pigment most often 
m the form of granules, but sometimes diffusely distributed through 
the cell body These cells can often be recognized in the unstained 
smear However, they are more readily demonstrated by staining 
with 10 per cent solution of potassium ferrocjamde and dilute 
hjdrochloriG acid, and then warming a little, the iron containing 
pigment is stained blue It should be remembered that these 
pigment-contammg cells are not specific for pulmonarv engorge- 
ment, they may be present m any variety of pulmonary bleeding 
that has occuri^ long enough pnor to the examination to allow 
for the formation of hcmoaidenn from hemoglobin Nevertheless, 
the presence of large numbers of heart failure cells in the sputum is 
sometimes of decided aid m differentiating pulmonary engorgement 
from emphysema and other conditions The search for heart 
failure cells is a diagnostic aid that has been too little used since 
the roentgen era Heart failure cells should not be confused with 
the black carbon containing celb that are present m pneumokoni- 
osis and in small numbers m the morning expectoration of many 
city dwellers 

The sputum in pulmonar> engorgement even in the absence of 
frank edema of the lungs, often contains considerable quantities of 
protein, m this, it differs from the expectoration m most instances 
of chronic bronchitis associated with asthma or emphysema 

HemoptTsu — Ilemopt>sis is another common symptom of pul- 
monary engorgement It is true that many patients with pro- 
tracted and sev ere pulmonary engorgement nev er expectorate blood 
But m others the sputum contains blood for w eeks or months at a 
time Most often, the pulmonary bleeding is but slight and evinced 
only by points or streaks of blood m the sputum Rarelj, the 
expectoration consists large^ of Wood despite the absence of other 
indications of pulmonary infarction The blood may be of vanous 
shades, from bnght red to almost black, fluid or partly clotted 

Important, tliough unusual, are the instances of liemoptjsis in 
pulmonary engorgement m which the bleeding is so profuse as to 
Seem immediately threatening to life Ihese patients are some- 
times mistakenly considered to suffer from pulmonary tuberculosis 
I hav e onlj once seen death due to cxsanguination as a result of 
the hemoptysis of pulmomuy engorgement This was in a girl, 
aged eighteen years, who had been under my care for some years, 
she had hemoptysis of a pint or more on several occasions pnor to 
the fatal hemorrhage, transfusion bemg necessary on tw o occasions 
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These massise Ijemoptjsea may come on suddenly while the patient 
feels relatively well and is up and about Sometimes, there is no 
obvious exciting cause, but m other instances tJiey seem to have 
been precipitated by pUj sica! exertion or a psj chic trauma (Duken,* 
Oppcnhtmier and Schwart?’*), both of which increase the venous 
return to the heart and therefore the degree of pulmonary engorge- 
ment whtn the left heart is insufficient Tor an excellent descnption 
of tlic clinical phenomena of massive hemoptysis in heart failure, 
the reader ib referred to the studj of Oppcnheimer and Schwartz 

Ihc patliogtncsis of heraoptisis in pulmonary engorgement is not 
alwa>3 the same Tliere seem to be two mam origins of the blood 
m the sputum, both of which arc often combined m tlie same patient 

1 Large or small lieinorrhagic infarcts of the lung are a common 
source of Wood streaked sputum or more massive hemoptjsis m 
pulmonarj engorgement 1 hey are discussed m detail on page 241, 
but here it may be remarked that hemoptjsis may be the only 
duucal cv idencc of pulmonarj infarction m heart disease 

2 loci of hemorrhage into tlic lung which are not the result of 
infarction, the so-cdlcd pulroonaij apoplexj Such areas are 
almost alwaj s present m engorged Jungs and rnav be v cry numerous 
It seems probable iJiat most of tlicsc foti of pulmonary bleeding 
arc the result of dtapedcsis from tlve distended and dilated capillaries 
which project so proniincntlj into the alveoli, the frequency of 
actual nipture remains to be demonstrated The underljing cause 
of the capillary distention and therefore of the bleeding is doubtless 
the high blood pressure within tlic vessels, the hemoptjsis is thus a 
sjmptom of bjpcrtension of the lesser circulation It is for this 
reason that blood spitting often occurs m patients with mitral 
stenosis who have no enlargement of the liver, peripheral edema or 
other evidence of failure of the right heart, but in whom the high 
tension m tlie pulmonarj circuit is evidenced bj djspnea, accentua- 
tion of the pulmonic second sound, diminished vital capacity, etc 
In such cases licmoptjsis is part of the symptomatologj of left 
heart failure I have seen several instances of mitral stenosis in 
which hemoptjsis tJiat recurred many times during the stage of 
isolated left heart failure ceased after the right heart had also giv en 
way WDWt'«ci, \«vwop\>«a siC pwivewswary 

also continue or be intensified after the right ventricle has failed 
In these cases the blood may emanate from infarcts or the tension 
m the pulmonary circuit maj contmue high despite the insufficiency 
of tile right ventricle, just as high sjstemic arterial pressure is often 
maintained by the severely imtiffiaent left ventricle Proft*’ has 
suggested that the brondiial vessels, which dram into the sjsteimc 
veins may be the source of some of the hemoptyscs accompanjing 
right heart failure, but the significance of tins factor remains to be 
demonstrated 
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Another moment that maj be of significance m the genesis of 
cardiac hemoptjsis is disease of the pulmonary vessels \Vlien 
hjpertcnsion of the lesser circulation has been present for some 
time, the pulmonary arteries are generally more or less atheroscler- 
otic and the thickened capillar> walls exliibit hjaline and other 
regressive changes Connective tissue proliferation in the mtima 
may practically obliterate the lumen \s pointed out by Parker 
and Weiss, the arteriolar lesions of chronic passive congestion of 
the lungs may even go on, in rare vessels, to necrosis of the wall 
resembling that seen in the renal artenoles in the malignant phase of 
essential hypertension It is plausible, though by no means prov en, 
that these lesions predispose to extravasation m the presence of 
high blood pressure Libman“ believes that the rare hemoptjses 
occurring during bouts of rheumatic fever are not always indicative’ 
of heart failure and are sometmies manifestations of damage to 
the pulmonary vessels by the rheumatic infection, being similar 
m pathogenesis to the more common epistaxis and one result of the 
widespread damage to the blood vessels during active rheumatic 
infection Libman has found that infarction is most often absent 
in these instances of hemoptyses during active rheumatic infection, 
and regards the nature of the process m the vessels which leads to 
the bleeding as entirely obscure Hemoptysis may also occur m 
the rare cases of primary pulmonary' endarteritis 
Physical Findings —Inspection often reveals the objective evi- 
dences of hypeninea and cyanosis that have been described in tlie 
chapters on these signs Emphysematous distention of the thorax 
may be present in long-standing cases (page 427) If the patient 
be requested to take a deep breath and then exhale as completely 
as he can, the diminished respiratory excursion of the chest gener- 
ally indicates the lessened vital capacity The vocal fremitus 
usually 13 little altered, with severe engorgement it may be dimin- 
ished over the bases Jlarked dulocss over the bases is generally 
the result of pleural effusion or other complication However, m 
intense engorgement comparison of tlie note with that present 
after improvement sometimes shows that the resonance was un- 
paired, particularly over the bases Especially in elderly patients 
who are intensely dyspneic there may be a tvropamtic overnote, 
evidently indicative of distention of the lungs {page 427), this 
tympanitic quality is sometimes present only during paroxysms of 
dyspnea Tidal percussion of the bases often reveals the dimm- 
ish^ respiratory excursion that results from the rigidity of tlie 
lungs On auscultation, no abnonnality may be detected even 
though the roentgen examination shows that the lungs are severely 
engorged UTien the engorgement is severe, the breath sounds at 
tlie bases are often feeble But the most common auscultatory 
evidence of pulmonary engorgement is tlie presence of numerous 
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fine rll(.3, either most numerous or more often exclusively m the 
lower lobes While these basal rales are most often bihteral, they 
may be unilateral without the reason being obvious either from 
tile other clinical fimlings or tlie roentgen picture I ollowing cor- 
onary occlusion, the rales arc sometimes confined to the left base 
and maj thus lead to an erroneous diagnosis of bronchopneumonia 
Occasionally sibilant and sonorous rdles are present throughout the 
chest, and their connection witli the engorgement is demonstrated 
when they disappear as the heart impitn es, presumably , they result 
from the bronclinl catarrh 

ROENTGEN FINDINGS IN POUaONART ENGORGEMENT 

nica:-rnj appearance is usually charactcnsfic and often of aid m 
detecting the presence and estimating the seventy of pulmonary 
engorgement However, there arc also atypical pictures, and I 
have several times known the roentgen film to occasion incorrect 
diagnosis, notably of metastatic caremoma, bronchopncumoni'i, 
miliary tuberculosis or pncumokoniosis, despite the fact that clini- 
cal symptomatology pointed clearly to heart failure The roentgen 
picture of pulmonary engorgement may include changes m the bilus 
sliadows, the lung markings die lung fields projier, and the pleura 

1 The Hdus Shadows >-In pulmonary engorgement, with rare 
exceptions the hilus shadows arc more prominent than in health, 
being increased in both density and size When the engorgement 
IS extreme, the lulus shadows may be so targe and dense that medi- 
astiual or bronchial neoplasm is simulated WTiiIc the enlargement 
of the lulus shadows is bilateral, it may be largely masked on the 
left side by the massive heart With improvement of the heart, the 
density and size of the lulus shadows generally decrease Assmann* 
has attempted to follow quasi-quantitativ ely the course of pulmo- 
narv engorgement by measuriiig the breadth of the sliadow of the 
right pulmonary artery just after it turns downward to supply the 
middle and lower lobes of the lung He finds that in health the 
diameter m the tclcorocntgcnograin of tins part of the pulmonary 
artery is between 11 and 1 1 mm , while m pulmonary engorgement 
It 13 between 15 and 23 mm and even more m some instances of 
dilatation duo to congenita! heart diseai* However, it is not 
always feasible to outline the borders of this vessel even in good 
films 

Marked expansile pulsation of the lulus shadows (not toerely 
transmitted pulsation) is often, but by no means always present m 
pulmonary engorgement It may be so striking that Pezzi’^ has 
called it the hilar dance The pulsation i> m the pulraonaiy arter- 
ies which expand during cardiac systole Wiether such pulsation 
when marked is indicative of functional insufficiency of the pul- 
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inonic \alvc as maintained b^ Pezzi remains to be determined 
In aiu event it should be borne m mind that expansile pulsation of 
the hilus shadows is often discernible m thin chested individuals 
without pulmoinrv engorgement It is also seen m many cases of 
patent ductus Botalli and according to I’e/zi in heart block with 
verj high pulse pressure I have also seen it in heart block here, 
it IS due to the large stroke volume of tlie right ventricle 

\ssniaim attributes the lion s share of the enlargement and greater 
densitj of the hilus shadows in pulmoiiaiy engorgement to dilata 



Fig 1 — Pulmonary cneoreement duo to fa lure of the h>{jcrtcns e and after i>> 
sclcrot c heart incrc-uc n b tc and dens ty of the h Iub ehadons and pulmonary 
markings 


tion of the puliiioiiarv arterv the structure which he has shown to 
contribute most of the lulus shadow in health In most instances 
this is readilv seen to be the else But in those instances m which 
the hilus shadows are so solid and dense as to siimilate a tumor it 
would seem that other structures must also contribute \t post 
mortem the puhnouarv veins can often he se*en to be so greatly 
distended tint thev must be of significance in the formation of the 
lulus shadow of pulmoinrv engorgement I urther m many 
instances of heart failure cspccialb when active rheumatic fever 
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IS present, tlic trachtobroncinal glunds are so gtxatlj enlarged that 
I ie\ probiljli form more tliim an insigiuficant part of the lulus 
sindon 

2 The Lung Markings — Tin. lung markings are also more proin- 
iiHut m pulinoiinry enj^orgimeut than in health, being both denser 
aii<l tliitktr 'Ilie normal Imig markings are known to be largely 
the sbulons of tbc \c‘tecl3 and tlieir accentuation in pulmonary 
tiigorgiiiHiit is lirgclv i m mdcstatioii of tbc distention of the 
m&mIs Alansk\” found that distention of the pemastular hm 
pbatics iImi confribiitts to the acuiituation of the lung markings 
in pulinoii ir^ tiigorgemtnt, but tbn is probably a rel itii tlj insig 
mill lilt factor flit cngorgtmtnt of the vtsiscls nn\ he so great 
th U tliobc riuining a (.oiisidirable (oiirsc ptqicnilicular to the film 
tlirow dense round sh ulows which ma\ ilot the film b! l those of 
cannioin iIoms mill irv tiil>iriulosih or piauinono omosis, for all of 
wbicli lime known tliim to bt taken Another factor that often 
i tmtrdmU s to the uit n. as«! <l< iisu v of the markings of the chronically 
tngorgixl lung is fibniais In long staiKlmgpulinonarv cngorgcmtnt 
the f(Ki of hUrosis md hcmosuUroMs alwavs present anatoimc illy 
miiv appear is mumtt nodular or sir iiwl like opacities m the film 
I \Ltption ilh tin. ( ilcih< itionof',nchfociisdi>ccriiiblt (set ^Iunk‘* 
and Gross and Mutlkr") ainl should not be confused with hcalul 
tuliirihs bninitiincs but not dwa>s these nodule like shadows 
dimuiisli m iiuiithir and dcnsiti touanl the t>cnpbcn of each lung 
Often lhi\ irc inoa uumtrotis in the lower Jobes and ina) then 
Mtiiul itc broiKliopnciinioin i 

i The Lung Fields — Ihc lung fields proper between the hing 
nurking^ ipinir denser te more radio-opique m pulmonary 
iiigorgemeiit lliti have a clouiK appcaraiuc which sometimes 
makes one think th it the film is tedmn dh imperfect t\Jitn the 
engorgement occurs m an iinph^seimtous lung the increased den 
sits mu\ not be ciidinl being ntutnlweil b> the puhnonars rare 
fiction Lsuallv , the clouding of the lung fields is more pronounced 
m the lower lobes It is often imiJossible to di/Fcrcntiate the m 
c re astd dcnsiti due to engorgement from that of pneumonic coiisoli 
datum of course both not uncommonl> co exist ^^hde shadows 
due to engorgement are usuallj rather sjiutnetrical m tJie two 
lungs this IS not always the case /dansM found that localized 
areas of piiliiioniirv edema due to engorgement niay occasion areas 
of increased density in the film which simulate locahrexi patches 
of bronchojmeumonu I have also often seen tins The increased 
dcnaitj of the lung fields m pillinonarj engorgement is due to the 
f,reater filling ot the small \ esseJa the thickening of the mterah eolar 
bcptd and the presence of transudate m the all eoh 

4 The Pleura Pulmonarj engorgement maj be accompanied 
bj pleural effusion or edematous thicLenmg of the pleura Accord 
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ing to Zdansky, the visceral pleura or pleural adhesions may sviell 
as a result of edema m pulmonary engorgement so as to sunulate 
the roentgen appearance of small pleural effusion 

THE VITAL CAPACITY AND OTHER RESPIRATORY VOLUMES 
IN PULMONARY ENGORGEMENT 

One of the most remarkable and clinically signiffcant manifesta- 
tions of pulmonary engorgement is the deleterious effect on the 
mechanics of \entilation and the air content of the lungs The 
study of the respiratory volumes has served to visualize, ’aith 
perhaps greater clarity than any other method of investigation, 
the manner in which passive congestion of the lungs handicaps 
ventilation The important role of impaired ventilation in the 
pathogenesis of cardiac dyspnea has already been discussed (page 
121) Here, v\e may briefly summarize the more important changes 
m the individual respiratory volumes that result from pulmonary 
engorgement 

1 The total capacity or total lung volume (the volume of air m 
the lungs at maximum inspiration) is decreased m pulmonary 
engorgement 

2 The vital capacity (the volume of air which can be expelled by 
maximum expiration following maximum inspiration) is likewise 
decreased in pulmonary engorgement, not only absolute!) but also 
m relation to the total capacity 

3 The residual air (the air remaining in the lungs after maximum 
expiration) may be either increased, decreased or unchanged m 
pulmonary engorgement but alwavs forms a larger fraction of the 
total capacity than in health (Binger*) 

4 The middle capacity (the air content of the lungs midway 
between the inspiratory and expiratory positions) is decreased m 
pulmonary engorgement (Binger), but forms a larger fraction of the 
total capacity than m health (ilubow®) 

5 The tidal air (volume of the individual respirations) is dimin- 
ished by pulmonary engorgement In very exceptional instances of 
heart failure, other mechanisms (page 134) cause an increase in the 
depth of breathing 

6 The minute volume of ventilation is increased abo\ e the normal 
in pulmonary engorgement (page 126), augmentation m rate more 
than atoning for the diminution in tidal air 

1 he rationale of these changes m the respiratory \ olumes has been 
elucidattnl by Binger He points out that pulmonarv engorgement 
affects the respiratory volumes ra two wavs (1) Ihe rigidity of 
the lungs is increased by engorgement of the \ essels and, in long- 
standing cases, by brown induration (page 210), (2) as a result of 
protrusion of the distended capillaries into the alveolar spaces, 
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ecltnia, and thickening of the septa, tlie actual \ olunie of air space 
IS dimimshul lioth of these factors dimmish the total cai)acity 
and the vital cipacity, winch are tlicrLfori. ahvajs decreased jn 
notable pulmonary engorgement But in the case of tlie residual 
air, their elfccts arc opposite and tend to ncutraluc one another 
Greater rigidity of the lung prevents expiration from being as 
complete as normally , and thus tends to increase the volume of air 
reuiammg in the lungs after maximum expiration, i e , the residual 
air On the other hand, the encroachment on the alv coli by the 
distended capillancs, e“dcma and thickening of the septa tends to 
dimmish the residual air Depending, therefore, on which of these 
factors u in the ascendant, the residual air is increased or decreased 
It is intercatmg that Bmgcr found tJie rtsidu il air larger than nor- 
mal m compensated heart disease, here it would seem, the higher 
pressure in the pulmonary vessels is the only factor operatmg 
The finding that the middle (‘)pacit>, though absolutely decreased 
fonus a larger percentage of the total capacitj than in health, 
indicates tliat the chest is held in a more "inspiratory" position 
than nonnallj llubow offers a teleological interpretation of this 
relative uicrease m middle capacit> He holds that the severely 
d^spueic cardiac patient brcatlics so us to increase tlie relative 
middle capacity because the greater average distention of the lungs 
lessens the rcsisdnce' to blood flovv through the pulmonary circuit 
and tlius tends to dnntinUi the engotgeiocnt of the lung with its 
attendant dyspnea and orthopnea However, this explanation 
seems improbable m view of tlie fact that the pulmonary engorge- 
ment IS a consequenee of weakness of the left heart and not due to 
augmentation of resistance in the lungs Bmger believes that the 
greater rclativ e middle capacity is a consequence of the increased 
pressure m the \ essels of the engorged lungs, t e , that the tendency 
of the patient with cardiac d>spDca to breathe with his chest rela- 
tiv el> more inflated is due to the ngidily of the lung w hich opposes 
expiration 

Of the various respiratory volumes, the vital capaeiiij is tlie one 
which has been useil almost exclusively m clinical work This is 
largel> because of the ease with which it is estimated and because 
tlve owly apparatus needed is a spirometer The patient is in- 
structed to inhale as deeply as possible and then to exhale as com- 
pletely as he can into the spirometer, the reading of which is the 
vital capaaty But m addition to the facihtv of determination, 
the vital capacity is a better index of heart failure than the total 
capacity , because it 13 depressed proportionately more by pulmonary 
engorgement 

The Vital Capacity m Health —This varies with the size, sex and 
muscular dev elopment of the indivnduvl These factors must there- 
fore be taken mto consideration m fonnulafing standards of nor- 
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malitj Hutchmson“ onginalli used a height standard Lunds- 
gaard and Van Slj ke^* refer the \ ital capacity to the \ olurae of the 
thorax, ^\hich they compute from its linear measurements How- 
ever, the most widely used standard is that of the surface area of 
the bodj As might have been anticipated from the corresponding 
proportionalitj of the basal metabolism, Drever* and West*® have 
shown that the vital capacitj m health is closelj proportional to the 
surface area of the bodj The surface area is a function of the 
height and weight, and knowing the latter can immediatelj be 
obtained from the conv enient chart of Du Bois and Du Bois 
According to est, the normal v ita! capacity m cubic centimeters 
IS approximated by multipljing the surface area m square centi- 
meters by the factor 2 5m men, 2 in women, and 2 8 in athletes 
In patients who are very edematous and whose previous weight 
13 unknown, or who are very obese, it maj be better to calculate 
normal vital capacity from the height alone West finds that the 
prediction of vital capacitv from height alone is almost as accurate 
as from surface area he estimates the normal \ ital capacity in cubic 
centimeters by multiplying the height m centimeters by the factor 
25 m men, 20 in women and 29 in athletes After the age of fifty, 
there IS progressive diminution m vital capacity with advancing 
^ears In children, Edwards and Wilson* found an average vital 
capacity of 15 5 cc for each centimeter of height Accoiding to 
Christie and Beams * the vita! capacitv averages 5 5 per cent more 
m the upright than in the recumbent position 
InteipretatiOQ of Decreased Vital Capacity —With any of the 
above standards, decrease m vital capacity of less than 15 per cent 
below ‘ normal ” can scarcely be considered as pathological Indeed, 
one often obtains readings coiisidcrablj lower than this which can- 
not be referred to anv pathological cause Just as athletes have 
high V Ital capacitv , man^ asthenic and sedentarj individuals have 
low V ital capacity , although this is bv no means m\ anable Among 
city dwellers who have led sedentary lives, there are manj who 
have never learned to draw a deep breath and who therefore simu- 
late a low vital capacitj It is a common observation that higher 
readings are obtained in successive attempts as the patient becomes 
more familiar with the maneuver 
In well marked heart failure the vital capacity is reduced In a 
general way, the reduction m vital capacitj parallels the seventy 
of left heart failure with its resultant pulmonary engorgement 
In sev ere cardiac insufficiency the v ital capacity may be less than 
25 per cent of the normal, values of less than a liter m adults are 
not rarities Peabody “ found that cardiac patients with a vital 
capacity of betw een 70 and 90 per cent of the normal w ere generally 
dy spneic on moderate exertion, though most often capable of some 
work Those with vital capaaty of between 40 and 70 per cent of 
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Jionnal were dispneic on tlic slightest exertion and often confined 
to bed, while those with vital capaat)' of less than 40 per cent of 
normal were almost alwajs bed-ndden Pratt” and others have 
shown tliat changes in the seventy of cardiac insufficiency are gen- 
erally accompanittl by corresponding vanations m vital capacity 
Patients with v\cil compcnsatwl cardiac lesions have either a normal 
or but slightly decreased vital capacity It is not always possible 
to rule out mild cardiac failure bj the measurement of the vital 
capacity , there are individuals with cardiac lesions and dyspnea on 
moderate exertion m whom tlit vital capacity is not below the lower 
limit of normal 

'Ihe vital capacity la also decreased in many conditions other 
than heart failure Among these perhaps the most important are 
diseases of the lungs lUe vital capacity is almost always lowered 
m those pulmonary lesions which cause dyspnea or cyanosis and 
may thus be confused with heart disease (emphysema, interstitial 
fibrosis, extensile tuberculosis, lobar and bronchial pneumonia, 
neoplasms, etc) The same is true of pleural effusion, extensive 
pleural adhesions which product symptoms, and pneumothorax 
During attacks of broncliial asthma the vital capacity is of course 
much reduced, but between the paroxysms Myers** found the vital 
capacity within normal limits unless tlierc was emphysema or 
another complicating lesion The vital capacity is generally 
reduced m hyperthyroidism, indeed, Habmowitch*’ found a roughly 
inverse relationship between tho vital capacity and the basal 
metabolism in Graves’ disease Hie decreased vital capacity m 
hv perthy roidism has been attributed to cardiac weakness (Lemon 
and Motrsth ” McKinlay'*), but it seems possible that the severe 
muscular asthenia of many of these patients also plays a part 
The iiicrcased circulating blood volume m Graves' disease may 
result m a greater blood content of the lungs with equal dimmution 
m air content Aluscular weakness per se often results m decrease in 
vital capacity , low readings arc common in chronically ill patients 
without disease of the heart or lungs 

Because of these limitations, the clinical utility of the study of 
V ital capaaty is not great already indicated it adds little, if 
any tlrnigt to what is learned from the symptoms and physical signs 
Dyspnea and other symptoms generally reveal heart failure before 
the vital capacity is significantly decreased And m most of the 
conditions which may be confused with heart failure, the vital 
capacity may also be decreased The vital capacity is sometimes 
charted to follow the progress of a patient with heart failure, but 
adds httle to the record of the symptoms and physical signs 

Harrison’s v entilation index has already been discussed (page 129) 

Other Respiratory Volumes —Measurements of the total capacity 
and the residual air hav e been httle used m clinical medicine for the 
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reasons mentioned above. The total capacity is calculated from the 
dilution of a known quantity of oxjgen in a bag into which tlie 
patient breathes. (See Peters and Van Slyke^ for technic.) The 
residual air is obtained by subtracting the vital capacity from the 
total capacity. The changes m the total capacity and residual 
air due to heart failure ha\e already been mentioned (page 221). 
The respiratory volumes in emphysema are discussed on page 532. 
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lilL LUNGS II IDI\I\ INI AUCTION AND 
I3UONCnOl»NrUMONU 

PDLMONAEY EDEMA 

Mokl or ItJ>3 transudation into the alveoli occurs in cv cry instance 
of passive ciiKorgcincnt of the lungs Uliilt practically always 
ilcnionslruble histologically as coagulated aUnmiinoiis ilui 1 in at 
least scattered alveoli in the loner lobes the edema 19 often not 
sufficiently cxtensiv c to product clinical cv idcnctii In other costs 
the ciknu reveals itself solely hy moist rales at the bases or by 
the presence of considerable amounts of protein in the sputum 
An omnipresent dinger m every piticnt vvilh engorged lungs is 
that tins rnuumal transudation will increase sufficiently to form 
tlie massive puliuonarj wlenia tint constitutes perhaps the most 
rcdouhtahlt and the most dramatic of tlic complications of pul 
nionary eiigorgciuciit 

Occurrence —It has yvisl been mentioned tliat slight pulmonary 
edema is present 111 all instances of iiossnc congestion of the lungs 
Ilut the frequency wiUi which this minimal tnnsudation rises to 
tile dignity of massive pulmonary edema vanes greatly in different 
forms of heart failure In a general way massive pulmonaiy edema 
IS most apt to develop m those comiilions m which pacorysnial 
dyspnea (cardiac asthiua) is most common Indeed it is quite 
probable that more or less pulmonary alcnia occurs m most if not 
all severe attacks of paro’cysmal dyspnea in cardiac failure 

In mitral stenosis with a small left ventricle despite the frequency 
of pulmonary engorgement massive pulmonary edema (otiicr tliau 
teniimal) rarely occurs on! even then usually only as a result of 
special exciting factors I pisodcs of pulmonary edema m ly follow 
unwonted physical exertion or sexual intercourse Of interest is 
that fact tliat pregnancy prtdisi»oscs to pulmonary edema in women 
with mitral stenosis (Sejoume**) I have seen repeated attacks of 
pulmonary edema during pregnancy in two women witli mitral 
stenosis who did not have them before or after They may occur 
at any time during pregnancy but are probably more frequent 
during delivery Acute left vcntncular failure with pulmonary 
edema is a grave and not very rare development m the hypertensive 
toxemia of pregnancy (see Kcid and Teel”) here the tendency to 
water retention chnrartcristic of toxemia presumably favors tiie 
occurrence of pulmonary edema when the left ventricle weakens 
Bronchopneumonia m patients with mitral stenosis may be com 
(226) 
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plicated by massiv e pulmonaiy edema ^ erj early m tlie course of 
the inflammation, indeed, the existence of pneumonia in a cardiac 
patient uho succumbs to pulmonary edema maj first be evident at 
necropsy 

The true domain of massive pulmonary edema is insufficiency 
of the left ventricle It 13 always a danger in the left ventricular 
failure of coronary artery disease, essential hj'pertension, acute and 
chronic glomerulonephritis, sv'philitic and rheumatic aortic regurgi- 
tation, aortic stenosis, and those instances of mitral disease in which 
regurgitation predominates for 3 long time and the left ventricle 
is verj large Pulmonarv edema ma> appear very early in left 
ventricular failure, indeed, a severe or even fatal attack may usher 
in the clinical picture m an individual who had not previously 
considered himself sick It is a condition that the ambulance 
phvsician not uncommonij encounters in the streets Pulmonarj 
edema may develop with temfjing suddenness in patients with left 
ventricular stram even though there was little or no evidence of 
engorgement of the lesser circulation prior to the onset of the 
attack Pulmonarj edema roa> follow edema of the glottis in 
IiiTJertensiv e individuals Those who survive one episode of pul- 
monary edema are predisposed to further attacks These maj 
occur almost daib for a time, or there ma> be intervals of months 
or vears (three >ears m a man with arteriosclerotic heart disease) 
Some patients have dozens of attacks On the other hand, there 
are many patients with left ventncular failure and intensely en- 
gorged lungs who never develop pulmonarj edema 

Exceptionally, massive pulmonarv edema is precipitated in an 
indiv idual w ith left v entncular failure bv pin sical exertion or some 
other coefficient which increases the work of the heart Rare, but 
clear cut, examples of such a sequence of events are seen in those 
cases of widely fluctuating bj'pertension m which pulmonary edema 
follows an extreme rise m blood pressure Thus, in a man with 
essential hypertension who^e blood pressure was usually around 
240/140 mm , on two occasions a few months apart a rise m arterial 
tension to about 300^180 ram was followed by pulmonary edema, 
he surv iv etl both attacks, later to succumb to uremia The hv-per- 
tensive paroxjsms of chromaffine tumor mav be accompanied by 
pulmonarv edema Overenthusiastic examination of a patient with 
engorged lungs, including especially forceful abdominal palpation, 
IS occasionall> followed b> pulmonary edema Sometimes pul- 
monary edema is precipitated bv copious intravenous infusions 
of salt or sugar solution I have seen this especially m elderly indi- 
viduals who were given intravenous infusions following operation 
That pulmonary edema mav develop m cardiac patients m connec- 
tion witli pneumonia has already been mentioned, of course, this 
also occurs without prc-existent heart disease On very rare 
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occasions, massive pulmomij edema has been observed to follow 
the aspiration of large pleural effusions, but this also has not been 
toiifincd to canhac patients 

iliich more often, there is no obvious cause for the precipitation 
of pulmouarj cdcina in left \entricular failure Indeed, as is the 
case with paroxismal dyspnea m general, bouts of pulmonary 
ederna art cspcri ill^ apt to appear during sleep The little that is 
known about the mcdianisra of this remarkable phenomenon is 
discussed in tonncction with cardiac asthma (Chapter VIII), there 
IS good reason to bclicv c that similar mechanisms operate to produce 
both cardiac asthma and pulmonary edema 

Massiv e pulmonary edema is a great ranty m the right ventricular 
failure of emphysema and other pnraarj pulmonary diseases when 
it occurs under such circumstances, it is presumably the result of 
some complicating affection of tJic left heart or is of inflammatory 
origin Pulmonary edema is also very unusual when the heart fads 
in hy pcrtliy roidisin IMcma of the lungs in pneumonia is discussed 
in Chapter XWII 

Pathological Anatomy — ^YI)cn motive pulmonary edema is 
present at tile end, cyanosis IS usually deep Uhe mouth trachea 
and large bronchi often contain frotliy fluid, whidv may eaen bo 
seen m the nostrils Tfie edematous lung docs not collapse much 
wlitti the clitst IS opened and crepitates little It is large, lieavy 
and soggy llic depression produced by tlie palpating finger 
remains On section the cut surface is moist and fluid drips or is 
readily expressed 'llic fluid is either dear or pink from admixed 
blood, nrdy, it has a dirty brownisli color m lungs whidi are the 
scat of deep brown induration The fluid is generally but not 
always more or less frothy because of the presence of numerous 
fine air bubbles \ccording to Orth,‘* the presence of air bubbles 
proves the intravital ongm of the edema, while m transudation 
wluth has occurred agonally or postmortem tlie fluid may contain 
no air However, in chronic edema the fluid is often devoid of 
air bubbles The color of Uic cut surface vanes, sometunes the 
reil of engorgement dominates, but more often it is gray and pale 

If the subject has succumbed to an acute episode of edema result- 
ing from heart failure, the edema is usually universally distributed 
througiiout both lungs On tlie other hand, chronic edema in heart 
disease is often confined to the lower lobes Such areas of clironic 
edema may be rather gelatinous and the fluid expressed fairly thick 
from admixture of cells, resembling that scraped from a pneumonic 
mfiilration, actually, chronically edematnus lungs usually contain 
areas of bronchopneumonia AVhen the chronic edema implicates 
an atelectatic area which is very common, the tissue presents the 
moist, dark red appearance of qilcnization Localized inflammatory 
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edema collateral to foci of pneumonia is common m the lungs of 
those ^\^o succumb to heart failure 

Pulraonarj edema differs from edema m other parts of the body 
in that the fluid is not almost entirely in the interstices of the 
tissues, but much more m the alveolar lumens, which are reall> 
outside of the phjsiological mterior of the bod> The reason for 
this pecuharit;> seems to he in tlie morphological adaptation of the 
lung to its respiratory function The capillaries he very close to 
the surface of the alveoli and are covered bv only a thin lajer of 
alveolar epithelium, which probabl> does not form a continuous 
covering The result is that fluid which transudes from the capil- 
laries immediately finds its way into the alveolar spaces Because 
the fluid 13 rich m protein, it coagulates during the preparation of 
the sections, and is seen m hematoxylin-eosin preparations as pink- 
stamed substance filling out the affected alveoli Within it are 
vacuoles due to air bubbles The fluid contains varying numbers 
of blood and alveolar cells, but m non-inflammatory edema these 
are usually not numerous Where the alveoli are distended by 
the edema fluid, the interalveolar septa are compressed and the 
capillaries collapsed 

Pathogenesis —The pathogenesis of pulmonary edema m heart 
failure has been the subject of controversy since the famous experi- 
ments of Welch “ This investigator was able to produce massive 
pulmonary edema in the rabbit by compressing the left ventricle 
lie therefore attributed pulmonan edema m cardiac disease to 
w eakness of the left v entricle as a result of the disproportionately 
more powerful contraction of the right ventricle the lungs become 
engorged and the increased pressure in the pulmonary circuit results 
in transudation This “mechanical theory of W^elch was disputed 
by Sahh ** He found tliat it is much more difficult in the dog 
than m the rabbit to produce pulmonaiy edema by compressing 
the aorta, left ventricle or pulmonary veins The output of the 
left ventricle must be so greath decreased that convulsions or 
other evidences of cerebral ischemia appear before pulmonary 
edema develops Since this sequence of events occurs but rarely 
m human pulmonary edema, SaVdi believ ed that W^elch’s roechamcal 
theory cannot account for most instances of pulmonary edema m 
human cardiac disease and invoked an increase m the permeability 
of the pulmonaiy capilhries as the usual cause of the transudation 

Since the pioneer experiments of WMch and Sahli, numerous 
efforts hav e been made to elucidate the pathogenesis of pulmonary 
edema m heart disease on the basts of elevated capilhrj pressure 
or increase in the permeabihtj of the capillaries It viould, how- 
ever, setra that more than one pathogenetic factor ma> be con- 
cerned m the production of pulmonaiy edema m cardiac failure 
This IS rendered probable by consideration of the results of recent 
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jinestigations into the patho|,enc&is of systemic edema m cardiac 
and renal disease IJicse studies ha\t <dio\wi that tJie formation of 
such peripheral tdtma is a result of displacement of the equilib- 
rium betuten the hjdroslatic pressure in the capillaries and the 
colloid osmotic pressure of tlie plisuia tn favor of the former, so that 
the volume of fluid tliat leaves tJic capillants is greater than that 
which enters these vesseb from tlic tissues Sudi a displacement 
of the balance belw ten h> drost itic and colloid osmotic pressure may 
result from (I) Increase in the hydrostatic pressure in the capil- 
laries, (2) decrease m the colloid osmotic pressure of the plasma, 
(3) increase in the permeability of the capillarj wall to protein 
We will consider the significance of each of these factors for the 
pathogenesis of piilmonarj aleina in heart disease 

I Increase in Capillary Pressure in the Lnnys — The circumstances 
under which pulmonary edema develops m heart disease speak 
strongly for the primary significance of tins factor t\c have seen 
tliat pulmonary cdcina occurs almost exclusively m those forms 
of cardiac disease in wliicli the left heart becomes insufficient watii 
the result that the lungs become engorged and the blood pressure 
m the pulmonary circuit rises Massive pulmonary edtms is most 
to be fcarcii in just tiiosc forms of heart disease m wbidi attacks 
of canliac asthma arc common, t e , left ventricular failure as it 
occurs in nephritic and essential hypertension, coronary artery 
disease, and aortic valvular defects Moreover, pulmonary edema 
may develop when the arterial pressure rises rapidly in patients 
with fluctuating hvpcrtcnsion, an observation whidi it is hard to 
cxpl im on any other liasis Unn acute insufEcicncy of the left heart 
with overloading of the pulmonarv circuit The same is true of 
those instances of coronary thrombosis with infarction of the left 
ventridc m which pulmonary edema rapidly proves fatal Another 
phenomenon that •■peaks in the same sense is the often brilliant 
tlierapcutic tfficaev of venesection in patients with pulmonary 
edema, improvement is often evident before the needle is with- 
drawn from tlie vein Tliat such venesection acts at least largely 
by dummshmg engorgement of the lungs and consequently the pul- 
monary blood pressure would stem very probable and is supported 
by roentgenograms before and after tlie blood letting which often 
discloses a striking diminution m pulmonary engorgement after 
the remov nl of 500 or 700 cc of blood That pulmonary edema 
has been produced experiment illy by obstructing the aorta or left 
ventricle was mentioned alwve Subsajuent studies by Loewitt“ 
and others have shown that the reason tliat some investigators 
failed to bring about pulmonary edema bv such procedures was 
that they failed to secure an adequate venous return to the right 
heart a condition which is csential to the production of pulmonary 
engorgement and which is fulfilled m human left ventricular failure 
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In V, ork with the heart-lung preparation, pulmonary edema dev clops 
if the resistance in the aorta is raised so high that the left ventricle 
gradually becomes insufficient 

In the light of these observations, there would seem to be little 
doubt that engorgement and consequent high pressure in the pul- 
monary circuit due to weakness of the left heart is the underlying 
cause of pulmonary edema in cardiac failure However, the impor- 
tant question still remains to be answered vi hj paroxy sms of massiv e 
pulmonary edema are so much more common in the left v entricular 
failure of hypertension, coronary sclerosis and aortic valvoilar dis- 
ease than in mitral stenosis with its chronic pulmonary engorgement 
and long-standing, low-grade edema of the lower lobes The 
answer to this question is not clear, but may be coniiLCted with the 
suddenness with which pulmonary engorgement develops When 
the left ventricle fails, there may be sudden overloading of the 
pulmonary circuit On the other hand, m mitnl stenosis the 
engorgement of the pulmonary bed usually develops gradually 
Indeed, when there is sudden overloading of the pulmonary circuit 
m mitral stenosis as a result of violent exertion, edema of the lungs 
may quickly develop and prove fatal 

Parenthetically, it may be mentioned that CohnheinP attributed 
to left ventricular failure the pulmonary edema that is so common 
a terminal manifestation in many diseases He stated that it had 
been known since Hallers observations that when the heart dies 
the left ventricle stops contracting before the right He believed 
that this results in pulmonary engorgement and consequently 
edema In other words, as Cohiihenii put it, the patient does not 
die because he has pulmonary edema but gets pulmonary edema 
because he is dying 

2 Decrease in the Colloid Osmotic Pressure of the Plasma —This 
IS the mechanism of nephrotic edema and also often play s an acces- 
sory role m the peripheral edema of right heart failure It may 
well be that pulmonary edema occurs more readily when the colloid 
osmotic pressure of the plasma is dinimidicd But the plasma 
proteins art normal in many patients witli pulmonary edema (as 
I have found on a number of occasions) and tlierefore diminution 
in the colloid osmotic pressure of the plasma cannot be a necessary 
condition for the development of pulmonary edema Indt'cil, m 
patients with chronic nephrosis or the nephrotic type of glomerulo- 
nephritis and very low plasma protein concentration, massive 
peripheral edema may be present for months or years and yet 
pulmonary edema does not develop unless as a complication of 
bronchopneumonia I am unable to explain whv, in such cases, 
edema does not appear in the lungs as it does in the subcutane'ous 
tissues and serous cavities The reason may be connectenl with 
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relatively low lijdroitatic prc&sure m the very wide pulmonary 
capillanca, but tins la purely hypothetical 

3 Increase in the Permeability of the Capillaries to Protein —This 
13 the pnniarj cause of edema in acute gloineruloiiephntvs and 
m mlhme'il areas, and plajs an accessory role m producing the 
peripheral etleina of right heart failure I he mechanism by which 
increased permeabiliti of the capillaries to protein leads to edema 
13 probably that tlic phsma protein which passes into the tissue 
siiaces there exerts a colloid osmotic pressure and thus tends to 
atain fluid m the tissues Since the fluid of pulmonary edema 
has a high protein content— 2 or 3 per cent or even more— it is 
evident that the pcmicabihly of the capillaries in the lung is actu 
ally increased Such increase in capillary permeability must facili 
tnte the formation of edetua I low pulmonary engorgement 
increases die pormcabiiitv of die capillaries remains to be cluci 
dated Landis'* found tliat when capillanes are deprived of oxygen 
for three minutes their pcnncability to protein is increased and 
It may be that slowing of blood flow through an engorged lung has 
a similar clfect further, Krogli*' Las adduced cxpenroental evi 
dcucc that dilatation of a capillary increases its permeability to 
protein, inasmuch as the capillaries of the engorged lung are greatly 
distended, dus mcclianisui may also partiapate 

The forcguuig discussion has been confined entirely to the path 
ogcncsis of edema of the lung m heart failure However, the same 
factors doubtless participate in the causation of other forms of 
pulmonary edema 1 arlicr* finds that aberrations m die dynamics 
of the pulmonary circulation due to disturbances m vasomotor 
control are concerned m the causation of the pulmonary edema 
that follows bilateral cervical vagotomy, and the same is presum 
ably true of the edema of the lung that may complicate cerebral 
vascular accidents in man Increased capillary permeability ap 
pears to have been the pnraary cause of the massive pulmonary 
edema that was so often fatal in gas poisoning dunng the first 
World War Edema of the lungs in pneumonia is discussed on 
page GGG 

Clinical Picture —It has already been mentioned that at least 
minimal degrees of pulmonary edema are practically always present 
in pulmonary engorgement While even slight transudation into 
the alveoli presumably plays some part in the genesis of such symp- 
toms of pulmonary engorgement as dyspnea and cyanosis there 
13 no means by which the clinician can recognize it vvitli certainty 
The presence of crepitant roles at the bases m pulmonary engorge- 
ment u often taken as mdicative of edema However such rales 
are often due merely to margmal atelectasis whieli is common in 
even liealthy elderly persons and is especially frequent in pulmonary 
engorgement where the rigidity of the lung interferes with complete 
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expansion E\en the fact that such rales persist after a number 
of deep breaths does not of itself speak against their atelectatic 
origin But uhcn the basal rales m an engorged lung are subcrepi- 
tant and moist, transudation into the aheoli is indicated The 
presence of considerable amounts of protein in the sputum is also 
evidence of edema 

On the other hand, massive pulmonary edema generally produces 
a dramatic clinical picture and characteristic ph^bical signs The 
onset 13 usually sudden It may foUoiv one of the aboi e-mentioned 
exciting factors, but more often tlie attack appears out of a clear 
sky, indeed, the most common time of onset is at night, during 
sleep The patient experiences a sense of suffocation and thoracic 
oppression Often there is a feeling of constriction about tlie neck 
The difficulty in catching his breath forces the patient to sit up 
gasping There may be a tickling in the throat wLch is sometimes 
the first sjmptom There are a number of short, rapidl> repeated 
coughs At first, these are usually unproductive, but soon the 
patient begins to bring up pink stained or colorless, frothj, thm 
sputum In milder attacks, there maj be only a little of this 
sputum brought up m a few coughs and the piroxjsra is over 
Often, the injection of morphine aborts the attack at this stage 
But in more severe seizures he continues to cough up larger v olumes, 
and m fulminating parox>sms the edema fluid is brought up m 
mouthfuls and may even fiow from the nose The dyspnea is 
agonizing, the patient sits bending forward and coughing up mouth- 
fuls of fluid between gasps the cvanosis of the lips and finger tips 
deepens, tlie skin is pale and covered with cold sweat, the hands and 
feet are cold, and the expression of the face and ejes testifies to the 
fear of death which the patient afterward describes if he survives 

^\heu the sufferer is seen at the height of an attack of massive 
pulmonary edema, the sight of the copious expectoration generally 
establishes the diagnosis at a glance On further inspection, the 
distention of the chest is usually evident, and percussion reveals 
the downward displacement of the lower borders of the lung The 
percussion note is hjperresoiiant or even tjmpamtic But the 
cliaractenstic physical findings are those on auscultation, m fact, 
the rales and tracheal rattling maj be audible at a distance In 
the \ erj first stages, rales may not be audible and the onij abnor- 
mality heard is harsh, loud breath sounds But soon the rales 
appear, starting at the bases and spreading upward to fill the lungs 
with bubbling adventitious sounds of all sizes Generally, the 
rales are so loud and numerous that tlie character of the breath 
sounds cannot be made out and tlie heart sounds are inaudible 

WTiiIe tlie arterial pressure often falls, especialK m cases of cor- 
onary thrombosis, m m\ expenenceansc has been much more com- 
mon I hav e seen a nse of ov er 70 mm under these circumstances 
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Tilt cltvatiou of arterial pressure during pulmonary tdema may 
somctimts be due to asphj ctic stimulation of the \ asomotor center 
IIo^\tvcr, the rise in pressure is often pronounced before tlie signs 
of edema arc manifest, and when ejanosis is still absent Here it 
may be difficult to distmguuJi between cause and effect The rise 
in pressure may be the cause of the left \tntricular failure and 
pulmonary c<icma, or, on (he other hand, tlie rise m pressure may 
be due to \asotonstriction rLfle\fy called forUi by tiie diminution 
of cardiac output due to the failure of tlit left ventricle 
During a major attack of pulmonary edema, tlie venous pressure 
generally rises because the violent expiratory efforts and cough 
raise tilt intrapleural pressure and thus interfere with the return of 
blood from the pcriphtril veins However on n number of occa 
siona when the patient could lie still for a sulHatnt time following 
the injection of morjiliine, I have found the venous pressure within 
normal limits Indeed, in a recent instance of pulmonary edema m 
coronary thrombosis, tlie venous pressure was less than 2 cm of 
water Somctuiies, tbe liver enlarges acutely during an attack of 
pulmonary' c<knm, but this is exceptional 
The roentgen picture reveals a clouding of the lung fields Some- 
times, this clouding appears almost uniform, but usually it can be 
sc'en to be due to the coiiffucnce of indiv idiial cIoud> areas 
T he V olumc of edema fluid expectorated v aries T here are sev ere 
and even fatal attacks of pulmonary edema m which little or no 
fluid is actually expectorated On the otlicr hand, m some attacks 
as much os a pint is brought up m an hour or two, and total quau 
titles of over a liter have been recorded The edema fluid is cliar 
actenzed b> its large content of protein, which may amount to 
2or3pcrctnt The fluid usually contains red blood cells in v arymg 
number, when abundant, the fluid is pink 
The attack maj terminate m recoverj or death at any time 
Sometimes, it is ov cr m a minute or two while m other eases it lasts 
forhoursorcvtnadaj ortwo Therapidit^ with which the patient 
may rccincr either qjoutaiicously or as a result of treatment, is 
often remarkable After a nocturnal attack he maj drop off to 
sleep with or without the aid of morphine, and awake the next 
morning feeling as usual One hvpertcnsive individual who bad 
had raanj major attacks of pulmonarj edema alwajs nocturnal, 
did not even bother to call a doctor after the first few It is often 
surprising how quickly tbe rales disappear from the chest after 
recov er> from a bout of pulmonaiy edema 
A fatal outcome maj ensue at any stage of the attack Pulmo- 
nary edema is one of the causes of sudden death m heart disease 
the victim being found dead m bed or on the street with the charac 
tenstic pink, frothy fluid on his lips In other instances the attack 
terminates fatally only after hours or even dajs In the last stages, 
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the cough and expectoration often cease ( bronchoplcgic stage ), 
as already mentioned, in rapidlj fatal cases no fluid may be brought 
up Occasionally, convulsions usher in the end presumably they 
are due to cerebral anoxemia However I once saw recovery from 
an attack of pulmonary edema with unconsciousness and several 
epileptiform convulsions 

In addition to the fulminant acute form of pulmonary edema just 
described, there are also instances of chronic ‘pulmonary edema 
Ihcy usually come on insidiously I have not seen them start with 
a fulminant attack Chronic pulmonary edema usually involves 
only the lower parts of the lungs but may be more widespread 
It may last for days or weeks The symptoms are those of severe 
engorgement of the lungs and the physical signs consist m moist 
bubbling rales of all sizes and usually dulness on percussion the 
latter may be as marked as in pneumonic consolidation and then 
may be indicative of combination of edema with atelectasis (splen- 
ization) The roentgen film reveals clouding of the edematous 
parts Xhcrc may be little or no cough and expectoration but m 
other cases the patient brings up abundant sputum which is rich 
in protein and may be bloody 

It should be mentioned that copious pulmonary edema is not 
uncommonly found at necropsy despite the fact that examination 
a short time before death revealed none of the characteristic rales 
presumably it originated agoiially 

HEMORRHAGIC INFARCTION OF THE LUNO 

Hemorrhagic infarction of the lung is a common complication 
of pulmonary engorgement 'llie incidence at necropsy is much 
higher than at the bedside for infarcts often cause no characteristic 
symptoms or signs Kugcl and Licbtman'* found pulmonary 
infarcts in 35 per cent of *124 necropsies on individuals with heart 
disease Most frequent in long standing pulmonary engorgement 
and patients who have been bed ndden because of heart failure 
infarction also occurs exceptionally m individuals who are up and 
about and very rarely is even an initial manifestation of heart 
disease Not very rarely seemingly smooth recovery from a bout 
of heart failure is abruptly halted and reversed by the development 
of an infarct m the lungs this is sometimes so striking that it has 
been attributed without adequate proof to liberation of mural 
thrombi from the right heart as a result of more forceful contraction 
of the recuperating or digitalized heart muscle Infarction has 
setme-d to me decidedly more common m elderly patients It may 
complicate puhnonan engorgement of any origin much the largest 
contingents being supplict! by those with mitral defects and those 
with hypertensive and artcnosckrotic heart disease Ihe statis- 
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tics of Levine and White” show tliit pulmonary infarction compli- 
cates a much hiphcr proportion of instanas of lieart failure in mitral 
stenosis than in hj pcrtcnsion Many instances of bo-talM broncho- 
pneumonia in p iticnts witli chronic pulmonary engorgement are m 
reality primarily infarcts Ami on scbcral occasions necropsy has 
re\ calcd tlic same to be true in aged mdi\ tduals who were not known 
to ha\e heart disease and were considered clinically to suffer from 
pneumonia 

The following description will be restricted to hemorrhagic 
infarction as observed m tJic pulmonary engorgement of heart 
failure Pulmonary crubohsni widiout infarction is described m 
Chapter XWIII 

Pathological Anatomy —Hemorrhagic infarction of the lung m 
heart failure niav be single, especially when v crj large, but more 
often there are multiple and occasionally numerous infarcts Ihey 
art most commonly situital in tlie lower and middle lobes The 
right lung 13 more often affcctcxl apparently because the right 
pulmonary artery is w ider and w a more direct continuation of the 
stem, so Unit cmboli arc more apt to enter it Almost always sub- 
pleural and very rare m the vicimty of the hilus infarcts involve 
with especial frequency tlic sharp margins of the lower and middle 
lobes including those of the interlobar fissures Infarcts most often 
vary in size between tliat of a grape and of a plum, but occasionally 
tlicrc is massive infarction of the larger part of a lobe Because 
of tlicir subpicural location, infarcts are generally discernible before 
the lung IS sectioned They appear as roundenl or polyhedral dark 
rid, bluish or olmost black, slightly elevated, quite definitely de- 
hiiutcd areas whicli are finn or hard to the touch Over them, the 
pleura has generally lost its luster and may be covered with obvious 
fibrinous exudate On section of the lung, the infarct is generally 
found to be wedge-shaped, the base on the pleura and the apex 
pointing to the liiius, it is dork red or almost black, but turns red 
on exposure to the air Older infarcts are brownish m color 
The cut surface is firm or hard, often granular like m pneumonia, 
and m most instances little is scraped off by the knife, altliough m 
fresh infarcts some thick bloody fluid sometimes containing minute 
black granules of dotted blood may be thus obtained Ihe lesion 
IS devoid of air and does not crepitate Careful dissection almost 
always discloses a plugged artery at the apex of the infarct The 
plug IS adherent, of varying size and stage of organization, upstream 
to it 13 often a propagated clot The 'accompany mg veins are 
generally also thrombosed 

Microstopically , tlie most striking feature is tlie inundation of 
tlie alveoli with blood, the air spaces are packed tight nith eryt}iTO- 
cytes admixed vvitli which are scattered leukocytes and alveolar 
tpithelia borne of the latter coiitam hemosiderm, such heart 
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failure cells are \ ery abundant m man> older infarcts The Weigert 
stam often reveals an irregular network of fibrin In \er> fresh 
infarcts there ma> be comparati\eIy little change in the structure 
of the interaKeolar septa However, the characteristic finding is 
that of coagulation necrosis the nuclei staining either defectively 
or not at all aline thrombosis of the capillaries is commonly 
present At the periphery of the infarct there is usually leukocytic 
reaction which may be marked enough to form a blue staining 
wall like that seen so well around infarcts of the kidney In older 
infarcts, the formation of granulation tissue at the periphery has 
already begun 

Hemorrhagic infarction often results in bloody or clear pleural 
effusion 

The picture of fresh or relatively recent infarction, just described, 
13 the one most commonly encountered at necropsy However, 
hemorrhagic infarcts ma> also undergo secondarv rcgressiv t changes 
or healing 

The secondary changes are softening with sequestration and 
cavity formation (aputrid necrosis), infection wiUi gangrene or 
abscess formation, and transformation into a blood c^st, all arc 
\ ery rare I saw a patient w ith mitral stenosis w ho, under observ a- 
tion, developed tliree cavities in the lungs which seemed to be the 
result of breaking down of infarcts, but unfortunately there was no 
necropsy to confirm the clinical and roentgenographic diagnosis 
As a result of these secondary changes and rupture into the pleura, 
pneumothorax and empyema mav occur, but are great rarities 

If the patient does not succumb too soon, which is most often the 
case, infarcts undergo healing through organization and fibroid 
transfonnation The blood pigment is altered so that the lesion 
becomes rusty brown or yellow in color, on rare occasions dcpig- 
mentation of hemorrhagic infarcts has been observed (ICarsner and 
Ash*) Granulation tissue grows from the periphery inward and 
the resultant connective tissue finally becomes condensed into a 
scar The overlying visceral pleura becomes thickened and the 
contraction of the connective tissue may result in a puckered depres- 
sion, or else a pleural adhesion forms The clots m the artery and 
vein supplying the involved area become organized It is not 
rare to find infarcts of various ages m the same lung, and careful 
search would probabJv reveal Uic inconspicuous scars of old infarcts 
to be more common m the luugs of cardiac patients than is gener- 
ally realized 

Pathogenesis —Extensive experimental, anatomical and clinical 
inv estigatioiis hav e shown that two pnraarv factors supplement one 
another in the pathogenesis of hemorrhagic infarction of tlie lungs 

1 Occlusion of a medium sized branch of the pulmonary artery 

2 Passiv e engorgement of tlie lungs 
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Arterial Occlusion — Complete embolization of tlie mam stem of 
tilt pulmoimrj artery is so quickly fatal that there is no tune for 
infarction While tmlmhc ucclu&ion of tlic rij^ht or left pulmoniry 
artery is often survived md may imlccd be dsyiiiptomatie and a 
surprise at necropsy infurction likewise does not result fins is 
probably largely because the individuals who survive embolization 
of the right or left mam pulmonary braneh ha\ c sound licirts and 
therefore do not fulfil tlie other condition nee’essary for the develop 
ment of infarttion n untly, puhaoiiarx aigor(,cment At the other 
end of the scale occlusion of very small branches of the pulmonary 
artery also does not lead to infarction the collateral circulation 
from tile hr inches of the bronchial artery and the anastomoses 
of the remarkable wide capillaries sulHcmg for the nutrition of 
the invoKtHl parcnchyim It is after occlusion of medium sized 
brandies of the pulmonary arterv that infarction occurs Such 
occlusion can be demonstrated almost mvanably in the form of an 
adherent clot in the branch < f the pulmonary artery tliat enters 
the apex of the vveHlbc-shajicd pulmonary infarct lhat the plug 
ging of tlie artery is the cause of the infarct and not nee icrea is 
immediately evi lent from the pyramidal slmpc of the infarct corre- 
sponding to tile distribution of the oaludtil artery Aloreover 
the artery distal to the occlusion may be entirely patent m tlie 
midst of the infarcted tissue 

Ihcrc has been considerable discussion rigarding the nature of 
tlic arterial occlusion whether it is embolic or tlirombotic In 
many comparatively fresh casts the structure of the plug and com 
parison of it with the tyjie of clot in tlic right heart or systemic 
veins leaves no doubt tliat it is embolic indeed diaractcristic 
nding emboli at an artcrul bifurcation are not rare For these 
reasons it is generally thought tliat m the vast majority of instances 
hemorrhagic infarction is of embolic origin However tins is by 
no means always actually demonstrable and does not mean that 
some of tlic licmorrhagic infarctions complicating pulmonary en 
gorgcinent may not he due to primary tliroinbosis of Uie occluded 
vessel Well marked atherosclerosis of the pulmonary arteries is 
the rule in protracted engorgeiucot of the lungs due to mitral stenosis 
and other forms of left heart failure and in combination with the 
slowing of blood flow may well be the basis on which thrombosis 
develops The freiiueno of thrombosis of the pulmonary arteries 
in engorged lungs is in need of further study 
The source of the emboli vvliether from tlie right heart or from 
the systemic veins is often obscure clinically and sometimes at 
necropsy In many cases the emboh demonstrably emanate from 
tlie right heart notably the appendage of the dilated nght auricle 
as well as from mural thrombosis of the right auricle proper or 
the right ventricle In other instances pulmonary emboh or gmate 
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m thrombi m the sjstemic \eins, notabi} m the peUis and lower 
extremities The latter are a much more common source of emboli 
than IS generally appreciated because dissection of the \eins of the 
lower extremities is most often omitted at the necropsy of cardiac 
patients and edema that may ha\e been present during life can 
be readilj explained on tlie basis of heart failure On a number of 
occasions, I have seen extensive thrombosis of the veins of the 
lower extremities m individuals succumbing to heart failure despite 
the fact that there were no dehnite signs or symptoms of the clot- 
ting during life Doubtless, the retardation of the \ enous flow in 
right heart failure and the bed ndden state of the cardiac patient 
both predispose to venous thrombosis, especially m the lower 
extremities On a number of occasions I have first found the 
evidences of a venous thrombosis in the lower extremities after 
pulmonary embolism occurred The great frequency of sjsteraic 
venous thrombosis in right heart failure is indicated by the careful 
study of Belt ‘ He found that of 83 such patients, 30 had thrombi 
m the venous side of the circulation the veins of the lower extremi- 
ties or pelv IS being tlie site in 20 Belt points out that the greater 
the local reaction about a venous thrombus, the less the likelihood 
that a large embolus will break ofl 

Passive Engorgement of the Lungs — Thougli there is no doubt that 
arterial occlusion is the primary cause of hemorrhagic infarction m 
heart failure, the blocking of the arter> does not per sc suffice to 
bring about the infarction Postmortem observation reveals that 
m individuals with unimpaired circulation a bland* pulmonary 
embolus generallj does not result in infirction indeed, I ubarsch*^ 
found at necropsy that onlv 29 per cent of pulmonary emboli pro- 
duceil infarcts 1 urthermorc it has repuatedl^ been demonstrated 
in anmnl experiments that blind embolization of the pulmonary 
arterial branches does not result m infarction when the general 
circulation is not impaired Thus Karsner and Ash* found tliat 
when they cmbolizcd the pulmonary artery with seeds, while the 
temtor> of the occluded branches exhibited such changes as con- 
gestion, edema, swelling and desquamation of the epithelium, and 
conglutination of red corpuscles true infarction with necrosis did 
not result But when the embolization was combined with passive 
congestion, produced either bj ligating the vein of the lobe or com- 
pressing It with fluid in the pleural cavitj, a true infarct resulted 
Similar experiments with the same results have been conducted by 
others Iluimn postmortem uxpenence is tlie same, plugging of a 
branch of the pulmonary “irterj results in infarction onij when the 
general circulation through the lung is impaired 

• Infected pulmoniry emboli oa tbs contrary often produce infarction m the 
aliKnccofsIon mg of blood flow here the factor of capiUao damage by the ufrction 
14 probably important 
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Tlic way m which passive conpcstion of the lungs promotes 
hcmorrliagic infarction of the territory supplied by an occluded 
brancli of the pulmonary artery is probably as follows When the 
general circulation through the lungs is rapid, occlusion of an 
artery results ui the minor circulatory disturbances mentioned m 
tlie preceding paragraph, but not in true infarction because the 
collattra! circulation supplied from tlie bronchial arteries and the 
remarkably wide pulmonaiy capillaries (the widest m the body, see 
page 207) suffices to prevent necrosis But when the lung is tlie 
scat of passive congestion witli its retardation of blood flow, the 
collateral circulation thus supplied is too slow to make up for the 
loss of the arterial supply However, it is largely the presence of 
these collateral sources of blood, insufficient thougli they are to 
mamtaui the vitality of tlie tissues, that makes the infarction of 
the lung a hemorrhagic one That venous backflow 13 not the sole 
cause of the hemorrhagic nature of the infarct is shown by the 
finding that experimental infarction of the lung is hemorrhagic ev en 
if tlie V cm of the area is ligated at the same time as the artery 

It was mentioiic<l above Uiat hyaline thrombi m tlie capillaries 
of the mfarcted area as well as tlirombosis of the efferent veins are 
often, tiiougli by no means always, present However, there is 
every reason to believe that tliesc arc secondary lesions and not 
originally responsible for the infarction 

Ananic tnfarcls of tlic lung an great rarities According to 
KaufTmann,* tliey may follow arterial occlusion m old and decrepit 
persons, in whom the circulation is slow although there is no en- 
gorgement 

Clinical Picture —Very often, infarction of the lung occasions no 
characteristic symptoms Occurring m a patient already having 
the symptoms and physical signs of pulmonary engorgement, and 
perhaps also of bronchopneumonia, those due to superadded infarc- 
tion may not be diifcrentiablc It is very common to find at the 
necropsy of such a patient multiple infarcts of various sizes and 
ages, the existence of which liad not been suspected, or at least 
not definitely demonstrable, dunng life The aggravation of heart 
failure often occurs imn passu with tlie development of extensive 
pulmonary infarction, here, it may be difficult to differentiate cause 
and effect It is readily conceivable that pulmonary arterial occlu- 
sion and infarction, through augmenting the work of the nght 
ventricle and intensifying anoxemia, may aggravate heart failure 

In other cardiac patients, pulmonary infarction produces charac- 
teristic clinical pictures 

Ihe onset may be sudden and dramatic The symptoms are 
those of the actual embolization and like, although usually less 
severe tlian, those of craboh lodging in the trunk or mam branches 
of tlie pulmonary artery (page 653) The patient complains of 
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sudden thoracic oppression and d>spnea, he becomes \ery anxious 
and sits up gasping for breath, the lips and finger tips are Iiv id, the 
skm pale, cold and clammy, the pulse is rapid and often hardly 
palpable, in short, the picture is that of shock I ha\e se%eral 
times known such cases to be confused with coronarj thrombosis 
and once w ith pneumothorax Later, the blood spitting and other 
evidences of the actual infarction appear and the case is clear 
However, death from shodw may supervene as a result of such 
embolization of a medium-sized branch of the pulmonary artery 
before there is time for the actual infarct to develop 

Much more often, the first sjTnptoms are tliose of the actual 
infarction, without clear cut manifestations of the embolization 
per se There is a sticking pam in the side, usually intensified by 
deep breathing, cough appears, djspnea and cjanosis are aggra- 
V at«i, phj sicd.1 examination may rev cal circumscribed dulness and a 
shower of rales with or without a pleural friction rub at the painful 
area, and some hours later tliick, bloody sputum is coughed up 
This 13 the classical onset, but there are manj vanations 

Chill — ISot rarely, the first s>mptom of pulmonarj infarction is 
a chill or chilly sensation This may precede the pam m the side 
by several hours, and is perhaps to be attributed to the actual 
embolization 

Thoracic Pam —Thoracic pam is a common, but by no means a 
constant symptom It is unilateral, and most often m the axilla 
or under the angle of the scapula Usually, the pam is pleuntic 
in character, causing the patient to splint the affected side and 
accentuated by deep breathing A dull, constant ache is also 
encountered The pam is often accompanied by tenderness of the 
overljmg chest wall \Vlien the diaphragmatic surface is involved, 
the pain may be referred to the abdomen or shoulder, such cases 
have been mistaken for acute abdominal ailments With dia- 
phragmatic involvement, the patient may complain of pam in the 
shoulder when upward pressure is exerted on the corresponding 
upper quadrant of the abdomen The pain of pulmoiiarj infarction 
usually passes awaj m a daj or two, but maj last with varying 
sev entv for w ceks 

Cough and Hemoptysis —Cough usually appears sooner or later, 
and may be an initial manifestation At first it is often short, 
paroxj smal and unproductiv e being frequently doubtless of pleuritic 
origin 'Ihe rule is that the characteristic bloody sputum is not 
brought up until about slx to twenty -four hours after the initial pain, 
but sometimes it is the first symptom The sputum is often uni- 
formlj dark red in color and so tenacious that it slicks to the 
patient’s lips and to the sides of the sputum box In other cases, 
streaks or clots of blood arc expectorated m an othenvise mucoid 
sputum \fter a few daj s, the blood in the sputum usuallj becomes 
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darker red or even black and 6naHj turns brown as the blood pig- 
uient in tht infarct is altered However, the expectoration of red, 
bloodj •sputum inaj contimic for weeks In exceptional cases, as 
has already been iiKiitioncd, infarcts result in eopious hemoptysts, 
winch inav he rtpcitcd In one patient with infarction of an entire 
lobe, the repeated copious licinopt>ses reduced the hemoglobin to 
about 2o per cent The ippcarancc of large numbers of heart 
failure cells m the sputum of lieiuorrliagic infarction has likewise 
bitn noted above ihcrc arc also many instances of hemorrhagic 
infarction in which blowly sputum is not present I Iiave repeat- 
etlly seen multiple hemorrhagic infarcts of the lung at the necropsy 
of patients who did not have sanguineous expectoration, apparently, 
citlier clotting of the blood vvilhin the alveoli or some otlier obstacle 
prevented the extravasated blood from reaching the bronchi 
Dyspnea and Cyanosis — Djspnca and cjanosis arc usually aggra- 
vated b^ piilmonarv infarction and may become very intense In 
previously wcll-compcusatcd patients, tJicsc symptoms mav be initi 
ated by infarction Several factors are probably concerned For 
one thing, the pleuritic pam often renders respiration supcrhcial so 
that the ventilation of tlic lungs is inadequate and breathing rapid 
And while Uic portion of the total puhnoinrv arterial cross-section 
obstructed is usually comparatively small, the increment m resist- 
ance may be significant b^use of the pre-existent hypertension of 
the lesser circulation On several occasions, I have observed that 
pulmonary infarction was quickly followed by swelling of the hver 
and supcriicial veins (in one patient the venous pressure rose 11 cm 
within twenty-four hours), indicating that the right heart had 
failed to meet tlie additioiid burden thrust upon it bv the occlusion 
Turtlicr, tlic decrease m brcatliuig surface due to the infarction may 
not be insignificant because of the liandicaps to repuation already 
present ns a result of the pulmonary engorgement All of these 
factors become more sigmficant when there are multiple infarcts of 
the lungs, then, the cyanosis and dyspnea are usually pronounced 
Fever —I cv er may or may not be present m pulmonary infarction 
Even large infarcts arc sometimes unaccompanied by fever at tlie 
start, a circumstance Uiat facilitates tlie often difficdt differential 
dmgnmvs iTom pnenmowva Most wlUw there vs Vaw grade. £e\<^, 
but not uncommonly the temperature reaches 102° or 103° E The 
fever usually disappears witiiin a few days but may last for two 
weeks or longer l^sumably, the fever is analogous m pathogenesis 
to that of myocardial infarction and is part of tlie reaction to the 
necrosis of pulmonary tissue and extravasation of blood Of course, 
the possibility of secondary pneumoma must always be borne in 
mind when the pyrexia persists However the diagnosis of com- 
plicating pneumonia in a pulmonary infarcUon merely because the 
fever continues for a week or two is not justified Occasionally, 
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fe\ er first appears hen pleural effusion complicates the infarction 
The fe\er of pulmonarj infarction is generallj accompanied by 
moderate poljmorphonuclear hukocytosis 

Jaundice -Low-grade jaundice, usually limited to a subicteric 
tint of the sclere, is not uncommon in patients with pulmonary 
infarction V rare e\ ent is the sudden dev elopment of frank jaun- 
dice following pulmonary infarction, it was observed by Libman^ 
and I® have seen it onlj twice although I have taken especial pains 
to look for It since a study of the subject sev enteen jears ago In 
both cases, it appeared about two dajs after massive mfarction 
and the first patient narrowly escaped operation for gall-bladder 
disevse Ihe relation of pulmonar> infarcts to jaundice is further 
discussed on page 259 

Physical Signs —The physical signs of hemorrhagic infarction 
varj, and arc often obscured b> the concomitant presence of signs 
due to the general engorgement of the lungs or edema There arc 
main instances of mfarction which cannot be localized from the 
physical signs although their existence is revealeil by the symptoms 
and sputum The signs of an infarct are most often detected over 
the bases posteriorly or in the lower axilla and less commonlv in 
other parts of the chest Usually, the first findings are localized 
showers of moist r ilts Or pleural fnction may be tlie first definite 
sign of an infarction which is alreidv evident from the symptoms 
Tht only abnorinaiity on auscultation opart from the rdics and 
perhaps the friction may be feeble breathing, but more often the 
breath sounds arc broncho-vcsicular and accompanied by some- 
what bronchial whispered voice If the infarct is large, dulness 
appears, most often, it is but moderate, although exceptionally 
the note is almost fiat and leads to confusion with effusion It is 
obvious that the phvsical signs in themselves do not suffice to 
ihfftrentiate infarction from pneumonic consolidation 

Roentgen Picture —The roentgen picture of pulmonary mfarction 
IS not as characteristic, m the vast majority of instances, as might 
be expected Usually, the patient with a large infarct is too sick 
to have other than a bedside film And often the shadow due to 
infarction is obscured bv the general engorgement of the low er lobes 
Ihe most common roentgen expression of pulmonary infarction is 
uneven and poorlv outlined clouding indistinguishable in itself from 
pneumonic consolidation Occasionally, rather sharpiv delimited 
shadows are produced by infarcts But only exceptionally are they 
sufficiently charactenstic to be differentiated from the shadows of 
consolidation without knowledge of the clinical picture Most 
distinctiv e, tliough unusual, is a tnangular shadow based laterally 
which IS produced when a large, wedge-shaped infarct is situated 
w ith its long axis perpendicular to the roentgen ray s. On rare occa- 
sions necrosis m an infarct results in one or more cavities (I once 
16 
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saw three ni a patient with mitral stenosis), ami tlie healing of an 
mfarct with scar-production ujiy he revealed bj a linear shadow' 
(see Smith’*) 

/ kcirocardioriTaphc changes resulting from pulmonary emboliza- 
tion arc (Icscribcd on page 55b 

Pleural Effusion —Pleural effusion is a common complication of 
hemorrhagic infarction It may be clear but more often is bloody 
'iiic effusion usually first becomes evident several days after the 
infarction ami mn> recur after tapping Occasionally , bloody effu 
sions m cardiac patients develop as a result of infarction which has 
not itself been clinically evident 

Other rare compheaUons of pulmonary mfirction m heart failure 
ire pulmomry abscess or gangrene, empyema and pneumothorax 
Actu illy , tlic^c complications are so rare as a result of bland emboli 
that when they occur one should always search for a septic focus 
from which infected tmboli may have originated Pericarditis was 
obstrv ed by Werner^ to complicate pubnonarv infarction m 3 cases, 
he attributed it to propagation from the pleurisy over the mfarct 
I ha\ t. also recently noted a pericardial rub of about a day s duration 
in a patient with pulmonary infarction 

Prognosis —The prognosis of pulmonary infarction is always 
serious In a general way, infarction is a phenomenon of the last 
stages of heart disease Often the appearance of pulmonary infarcts 
marks the transition m long standing heart disease from tlic stage 
of good or tolerable compensation to a period of steady decline and 
progressively increasing cardiac insufficiency However, some 
patients survive a number of infarcts and arc later able to be up 
and about A girl with mitral stenosis who was able to do light 
work had had an mfarct seven years previously and another later 
The chief iraractliate danger in pulmonarv infarction is the develop- 
ment of bronchopneutnoma I have not known hemoptysis from 
infarction to prove dmcctlv fatal Cardiac patients who have 
surv IV ^ infarction arc espcaalfy liable to hav e subsequent infarcts 

BRONCROPNEXmONlA 

Bronchopneumonia is a common and redoubtable complication 
of pulmonary engorgement It is especially frequent during the 
winter and spring months in patients who have been bed ridden for 
a considerable tune as a result of heart failure Probably the most 
common termination of chrome cardiac disease is with broncho- 
pneumonn, although very often the pulmonary infection merely 
adds tile coup de grace where death is dose as a more direct conse- 
quence of circulatory failure - , , 

There are probably yanous reasons for the frequency of broncho- 
pneumonia in pulmonary engorgement The congestion and conse 
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quent su elling of the bronchial mucous membrane probablj interfere 
with tlie efficiency of the mechanism which normally removes 
particulate matter including bacteria, that enter the bronchi with 
the inspired air Areas of atelectasis, infarction, extravasation and 
edema offer a favorable sod for the survival and proliferation of 
bacteria which reach them Actually, many cases of so-called 
bronchopneumonia in cardiac patients are primarily infarcts with 
secondary inflammatory reaction In individuals with pulmonary 
engorgement upper respiratory infection is much more apt to be 
followed bj bronchopneumonia than in otherwise healthy persons 

A question that iias aroused much investigation and controversy 13 
that of the nature of the pneumonic foci that so often occur in severe 
bouts of rheumatic fever fhey arc rarely absent when active rheumatic 
fever proves fatal Thus, Gouley and Eiman’ observed acute inflammation 
of the lung wath consoliaation in 8 of 9 individuals succumbmg to active 
rheumatic fever and the other had subacute pulmonary inflammation 
with pleurisy Klingc'* describes the histological picture as that of an 
uncharacteristic inflammation witli hemorrhages marked edema swcl 
Img of the intercellular substance of the connective tissue and abundant 
prolifention of largo connective tissue cells the latter of which he regards 
as sunilar to what is found in the heart valves Paul * has also emnha 
awed Iho extremely hemorrhagic character of the mtra alveolar exudate 
In one of Cobum s* cases he remarks that the polymorphonuclear leuko* 
^tes are subordmated to the lymphoc>tes ana large mononuclear cells 
Paul found w idesprcad panarteritis of the pulmonary artenoles in from 20 
to 40 per cent of the active cases While Klinge and Paul observed Asehoil 
bodies in the wall and adventitia of the pulmonary artery the former 
investigator did not And them in tlie puunonary tissue proper Most 
other investigators have likewise failed to find Aschoff bodies m the pneu 
monic consolidations of rheumatic fever and this has aL>o been the expen 
cnce of Drs Louis Gross and Paid Klemperer in the large material at 
Mount Sinai Hoopital On the other hand Fraser* claims to have demon 
strated lesions of the nature of the Aschoff bod> m two instances of viru 
lent and rapidly fatal rheumatic fever And Gbulet and Eiman desenbe 
pulmonary lesions identical in morphology with those found m rheu 
matic heart le«ioas Pleunsy is almost alw a> s prc'nmt 

Despite the fact that it is still questionable whether the inflammatory 
reaction m the lung leads to the formation of granulomata analogous to the 
ischolT bodies of the heart to the writer there would seem little room for 
doubt that many of the pulmonary lesions appearing during active rheu 
matic fever are true rlieumatic pneumonia t e part and parcel of 
the rheumatic infection just aa are the lesions in the heart and joints 
E«pecially m children w^th rheumatic fever one sees the development of 
pneumonia m conjunction with pancatditis and arthritis so often that it 
13 hard to avoid the inference that the pulmonaiy the cardiac and the 
articular lesions arc parallel manifestations resulting from a common 
patliogcnctic process In two recent cases of rheumatic pneumonia I have 
found evidence that the lesions did not result from pulmonary engorgement 
due to heart failure for tisc pulmonary circulation lime was normal 

Brondiopncmnonia complicating pulmonary engorgement may 
run various courses Often, it is first discovered at necropsy, 
ha\ mg caused neither sy-itiptoms nor signs which could be differen 
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tiatcd from those of the antecedent passu e congestion of the lungs 
The fever ma^ be low grade or even almost absent despite extensive 
consolidation Djspncn cyanosis and other manifestations of heart 
failure arc usuallj intcnsifictl Peculiarly enough this is quite often 
not true of penpheni edema due to nght heart failure, which may 
diminish during bronchopneumonia while the other evidences of 
cardiac weakness bccomi, more pronounced This paradoxical 
liehavior is perhaps to be attnbiitcd, at least partmll> to ^le 
increase in insensible perspiration due to the fever On the other 
hand it is not rare for bronchopneumonia in engorged lungs to be 
complicated bj pulnionarj alcmn, % very grave complication which 
has been called serous pneumonia because of the in/Jammatoiy 
nature of the edema fluid Flic clinical course of bronchopneumonia 
complicating pulinonarv engorgement is often verj protracted and 
trjing, low grade fever may persist for even a month or more 
Irequentlv riles and oilier phjsicd signs persist long after the 
fev er Ins disappeared 

Needless to saj the prognosis must always be guarded when 
pneumonia ilcvciops m a patient with cardiac insufRciency The 
mortahtv is high more so when the pulmonary engorgement is due 
to arteriosclerotic heart disease m ol Icr persons than when it results 
from rheumatic licirt disease Nevertheless many cardiac patients 
survive 1 number of attacks of severe broncliopneumonia Some 
children wiUi rheumatic heart disease have one or more attacks of 
pneumonia every year, usually during the spring or winter for 
several years However probablv a majority of these pneumonias 
are not complications of pulmonary engorgement for they may 
occur m the absence of circuhtorj failure and are then often part 
and parcel of the rheumatic fever 

Tlie pulmonary complicitions of coronary thrombosis are dis 
cussed on page -lo5 and those of peripheral circulatory failure on 
page C21 

PULMONARY ENGORGEMENT AND TUBERCULOSIS 

^\hlle broncliopneumonia so readily develops in engorged lungs 
they are rarely tlie seat of active tuberculosis This fact was 
pointed out by Rokitansky,” who stated that those diseases of 
the heart and arteries which are manifested by canliac enlargement 
cy aiiosis and dropsy are not accompanied by phthisis Subsequent 
observations have confirmed that active pulmonary tuberculosis 
is rare m mitral stenosis coronary artery disease and other condi 
tions leading to passive congestion of the lungs Dr Maurice 
Fishberg told me that in the Tuberculosis Service of Montehore 
Hospital (3o0 beds) during a penod of ten years there were only 
about half a dozen cases of active and progressive pulmonary 
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tuberculosis m patients with e\idence of pulmonary engorgement 
from mitral stenosis How e\ er, it is not rare to note on the roentgen 
film or at the postmortem table the scars of healed tuberculous 
lesions in lungs which are the seat of chronic engorgement from 
\al\'ular or arteriosclerotic heart disease, these are doubtless 
legacies from infections which occurred before the engorgement of 
the lungs In good accord with the conception that engorgement of 
the lungs creates a poor soil for the development of tuberculosis 
IS the well-known fact that a large percentage of those with con- 
genital pulmonary stenosis who reach adolescence succumb to 
pulmonary tuberculosis 

An interesting clinical fact, that ma^ be mentioned m passing, is 
that when a patient with fibroid phthisis develops arterial h^'per- 
tcnsion, copious and repeated hemoptysis is apt to dominate the 
clinical picture, I have seen several such cases, two of which suc- 
cumbed to exsangumation The hemoptysis apparently does not 
always result from pulmonary engorgement due to heart failure, 
for there may be neither symptoms nor roentgen evidence of such 
engoigement 
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THE LIVER 

SuFLLiNGr of the h\er is one of the common raanifcstitions of 
iieurt failure Indeed there arc tus>cs of cardiac insufficitnu— the 
asystole kfpaUiue of the I niicli— m which enlargement of the liver 
and recurrent ascite>a m> dominate the cluneal picture that careful 
studi IS ncH.xlc'd to difTercntialc them from pnmarv hepatic disease 
and even tlicn errors occur Ihe importance of hepatic engorge- 
ment for tilt djnamics of the circulation m heart failure will be 
clear when it is rctnllcti that an engorged liver inaj contain more 
than 1500 cc of lilooil or about onc-<juartcr of even the increased 
circulating blood volume of sucli patients 

far the moat common cause of passive engorgement of the 
liver la failure of the nyht heart Tlitrc is cverj reason to regard 
tins hepatic congestion as i direct mechanical consequence of the 
engorgement of the iiifenur vena civn The mechanical nature 
of tlic engorgement is evinced m long standing ciscs bv the pro- 
nounced dilatation and occasional atherosclerotic tiuckenmg of 
the hepatic veins (page JoO) flic hepatic veins empt> into the 
inferior vena cava so close to the right auricle that one would 
anticipate that the hver would be immediately mvolvc'd m the 
passive engorgement rcsultuig from right heart failure I have 
often seen palpable enlargement of the liver in right heart failure 
of so slight a degree that the pressure m the antecubital veins was 
witlim the normal range In such cases cvidcntlv tiie liver partici 
pates in the repletion of the veins that precedes a rise in the pressure 
within them (page 109) Moreover the verj swelling of the liver 
maj militate against elevation of venous pressure Enlargement of 
the liver may be demonstrable within a few ramutts after the 
onset of an attack of paroxysmal tachveardia with heart failure 
On die other hand when the heart is improving enlargement of 
the liver may persist despite the /act tliat the pressure iii tJie ante- 
cubital veins has returned to normal 

In addition to right heart failure passive engorgement of the 
liver may occur as a result of the hjpodiastolic heart failure of 
mcdiastmo-pcncarditis pericardial effusion and paroxjsinal tach> 
cardia (Chapter \\\I) Enlargement of the liver is not a feature 
of isolated left heart failure In the peripheral circulatorj failure 
(^ock) induced m the dog bv histamine and other agents tlie 
liver becomes mtenselv engorge 1 ns a result of constriction of tlie 
( 248 ) 
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hepatic veins and dilatation of the hepatic capillaries (page GO) 
Whether there are forms of human shock uith similar engorgement 
of the liv er remains to be established 
There is some evidence (Zak** and page 07) that in addition 
to the distention of the blo^ vessels storage of v\ater within the 
liver cells inaj play an acccssoiy role in the tumefaction of the 
passivelj engorged liver Wenckebach” believes that it is the 
liberation of this stored fluid which accounts for the remarkably 
rapid shrinkage of the hver that sometimes occurs within a few 
hours after tlie administration of organic inercurnl diuretics to 
cardiacs however improvement of the heart ma> also be concerned 
in this earlj detumeseence of the hver 
Ihis chapter will be confined to a description of passive engorge 
merit of the hver as it occurs m right heart failure swelling of the 
liver in other forms of circulatory failure mentioned above will be 
conswlered in tlie respective sections 
Pathological Anatomy of Engorgement of the Liver —At post 
mortem the engorged livtr is generally found larger and heavier 
than normal often weighing above 2o(X) grams However in 
instances in winch the liver has been engorg^ constantlv or inter 
mittently for years the organ may be distinctly atrophic and weigh 
1000 grams or less Comparison of the size of the liver at necropsy 
with that estimated during life usually reveals shrinkage as a result 
of escape of blood which may become more marked after the 
organ is sectioned and the blo<xl flows from the vessels In an 
acutely engorged liver wrinkling of the capsule may testify to the 
postmortem shrinkage 

In fresh or relitivelv recent engorgement the hver is dark red 
or purple sometimes almost black and the surface smooth The 
superficial veins are often prominent Wien the engorgement is 
of long duration tlie color becomes a dark cyanotic brown with 
dots and streaks of y ellow The surface may then be irregular in 
consequence of numerous irregular linear or flat depressions such 
a hver is often of a tough or even hard cousistency The capsule 
may be thickened especially if there was long standing ascites 
The lower border is somctmics blunted 
On section the acinar structure of the freshly engorged liv er is 
preteniaturally distinct This is due to the deep purple or red 
c-olor of the center of each lobule caused by the engorgement of 
the central vein and neighboring capillaries often combined with 
atrophy of the e-ords of liver cells between the latter When the 
engorgement has been present more tlian a short tune the hver 
cells m the periphery of the lobule are y ellow m color because of 
their fat content Ihe result is the very characteristic appearance 
long ago termc'd nutmeg hver by Kiernan ** The center of each 
lobule is real or purple while the confluent peripheries of the abutting 
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lobules arc jcIIoh Owing to the atrophj of the liver cells the 
red areas at the tenters of the lobules are usually tlcprubed below 
the level of the coulluent yellow iwnpherits When tlie cn^jOrge- 
ment is more sev ere or of longer duration, the eentral red areas of 
uigorgeinciit reach the penphen of tlie lobule to join with similar 
reil are IS from adjacent lobulia (Jitatiungsstrassen of the Germans) 
so that the imtial iibnormalli clear defimtion of the lobules becomes 
eoiifuseol Indeed, a false lobulation in ly appear, the center of each 
smuilated lobule being formeal b> a >tl!ovv area composed of the 
conlluent peripheries of several true lobules and bortlertd bj the 
re*d areas of engorgement, the configuration is tint of the babourm 
lobule, winch has the iwrtal space for its center In advanced 
cases, the trniisforinations often become so complicated that little 
can be made out with the nakeol c>c of the architecture of the liver 
I oci composed of dilated capillaries with onI> scattered small liver 
cells between theiu maj coalesce so as to produce irregularlj dis- 
tributeal ureas of atrophi, red and depressed below the general 
level of tlie section 'Ihc picture is further eompheated m some 
lung staiuiuig eases b> the ap]M.aranec of light >elIow dots and 
streaks of retencrating liver cells rarclj these merge to produce 
large, light, irregularly distributed areas somewhat reminiscent of 
inedullarv cancer Appurentl), however these light areas are not 
ttlnnjs due to regeneration for Lambert and Alhson'* found that 
the} mu} be morel} the eaprcssion of less engorgement tlun m 
other parts of the liv cr boraelimes a few heinorthagca are present 
I ngorgement inu} be of \ar}ing intcnsit} in diiferent lobes of the 
liver If jaundice i3 present it is of course seen m the h\ er 

iiie hepatic veins are dilated In lung standmg cases the} may 
e^hlblt well nnrko<l phlebosclerosis (MosthcowiU *) 

Microscopic Findiogs —Iht first changes consist in engorgement 
with dilatation of the central vein and the adjacent capillaries of the 
central part of the lobule Soon the liver cells between the engorged 
capillaries are affected Tlicv become atrophied and man} appear 
as thill elements flattened between the distended tapillanes There 
mav be extensive deposition of fat and brown pigment in tliese 
cells Ibe degenerative atroplij progresses so that man> of the 
cells in the enter of the lobule disappear entirel} The result is 
that the central part of the lobule raaj be transformed into a red 
area consisting almost entirel} of the engorged central vein and 
capillanc's the original liver tissue being represented only b} 
occasional atrophic cells In the penpber} of the lobule fatty 
change m the Iiv er cells is usuall} promment from a relativ elv earlv 
stage It IS the contrast between the }ellow peripher} and the 
publish real center of the lobule that proeluces the nutmeg appear- 
ance m tlic gross Witli advance of tlie process as described 
above the zone of distended eapillaries with atroph} of tlie liver 
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cells ina> reach the penpherj of the lobule and coalesce Vi ith similar 
areas of the adjacent lobules 

Another process which is significant in manj, if not most, instances 
of severe passive engorgement is the focal hemorrhagic necrosis on 
which Mallorj^ laid so much emphasis The liver cells in the 
center of the affected lobules, sometimes in otlicr parts, become 
necrotic, so that their nuclei do not stain In some instances the 
necrosis is so extensive as to involve whole lobules or groups of 
lobules Usuallv some of the areas of necrosis are also the seat 
of hemorrhage The necrosis of course leads to the complete dis- 
integration of the affected parcnchvma, but when seen in an earl} 
stage the outlines of the hver cell cords ma} }et be preserved and 
the necrosis is rev ealed onl} b> the fact that the nuclei do not take 
the hematox}hn 

The above are the most tvpical histological pictures, but man} 
variants occur Thus, there are cases (Lambert and Allison'*) in 
which fatt} change renders the center of the lobule }ellow while 
there is a surrounding red ring as a result of h}peremia and perhaps 
necrosis of the mi<l-zone (‘ ring necrosis”) Compression of the 
capillaries bv edema fluid between the liv cr cell cords and capilhnes 
has been described In lung-standing cases, the picture becomes 
complicated b} the changes in the reticular and collagenous skeleton 
to be described below, and sometimes bv regeneration of hver cells 
m the penpher} of the lobules Bile thrombi have been found m 
the bile ducts b} Eppinger,^ but tlie} arc not numerous and not 
alwa}s demonstrable For a detailed description and classification 
of the various histological pictures, the reader is referred to the 
paper of Lambert and \lhson *• 

Lari} observ ers referred thcatrophv and other regressive changes 
m the liver tells to mechanical compression by the engorged and 
distended capillaries ilc'cently, the sigmficaiicc of this factor has 
been depreciated on the ground that the atrophy is initiated in the 
center of the lobule, while, since the flow 13 centripetal, the pressure 
must be higher in the penpher} of the lobule However, this 
obje'ctioii does not seem entirel} valid From %ntra vitam stud} of 
tlie capillaries of the nail fold, it is know n that m right heart failure 
the venous end of the capillanes is much more dilate*!! than the 
arterial segment That this is also the case in the hver seems ver} 
probable, and is indeed indicated b} the frequent observation that 
m carl} engorgement onl} the capillaries in the central part of 
the lobule are distended Evidcntl}, the pressure in the venous 
end of the capillar} u. relativelv more elevated in nght heart failure 
than 13 the pressure m the artenat end of the capillar}, witli result- 
ant diminution in the pressure gradient along the capillar} and 
slowing of blood flow It is true that the pressure in the arterial 
tnil 13 still higher, else blooil flow would be revtrse-d, but elevation 
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above the normal is greater m the venous end, so that this part of 
Ml niort distended and compresses the liver cells 

Ihe flattening of nian> of the liver cells could hardly be explained 
b> other than nitchanital compression Ilovvev er, as pointed out by 
MacCallmu” and others, muhaiiieil pressure b) distended capil- 
laries IS bj no means the only agent damaging the liver cells m 
passive eiifcorgeintnt Hie toi>ograph> of the lesions shows that 
other factors must also enter Quite probably, slowing of blood 
How retards the inclahobc excbntiges between blood and hver cells 
and thus plavs an nui>ortunt jiart in producing the fattj changes, 
cloudy swelling, atroph>, piginuitatioii etc Mallorj * thought 
that the necroses arc dwajs of toxic ongui and due to complicating 
infections However, thcirvcry frwiuencv renders tins v lew improb 
able, and Ilolton‘ and /iiiiiiicniiann and Ilillsman” have produced 
identical nc'trosts bv cxpcmneiital obstruction of the inferior vena 
cava 

Cardiac Cirrhosis —Since the tune of Becquercl,* who first miin- 
tuncxl tlio connection the question has been debated whether 
cirrhosis of the liver is ever an outcome of loiig*st4indmg passive 
congestion of tlie organ due to heart failure Ihc term cardiac 
cirrhosis was applied (see CormI and llanvicr* for the older htera 
turc) to tiistaiiexs of lieiiatic cirrhosis thought to be the result of 
heart failure We have alread> mentioned tlmt m long-standing 
pissive cngurgeioent of the liver, the organ may become reduc'ed 
m size and wcigiit very firm of a dark c>anotic brown color, the 
capsule thickened and the surface irregular as a result of numerous 
grooves and flat depressions produced by the atrophic and necrotic 
changes i^Iimite elevations due to islands of regenerated liver 
cells maj also he present \erj rarely, the surface is even somewhat 
granular or nodular though it seems questionable whetlier the graiiu 
iation 13 ev er as markexl or regular as in classical portal cirrhosis 

In these long standing eases of passn e congestion of the Iiv er 
there IS actuallj lijperplasia of the connective tissue framework 
Ilcrxhcimer’® showeai that the reticulum fibers of the hver are hj per 
trophic and hj-pcrplastic in protracted engorgement of the organ 
And in some cases the central zone of the lobules is largely replaced 
CQunectivc tissue This is not merely a condensation of pre 
CMStent connective tissue due to atropb> and necrosis of the liver 
c-ells active proliferation of fibroblasts maj be evident Very 
rarel} tins central fibrosis extends to the periphery of the lobule 
so that strands of connective tissue connect adjacent lobules and 
even encapsulate islands of intact liver cells While hepatic fibrosis 
due to passive engorgement is cliaractcristicallj and almost alwajs 
initiated in the central zone of the lobule the observations of Ivatzin 
^Valle^ anil Bluingart'* indicate that, much less often heart failure 
favors the development of periportal fibrosis 
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The development of fibrosis m the passivelj congested liver 
has been attnbuted to comphcating infections However, the 
experiments of Zimmermann and Hillsman** show that it maj result 
purely from engorgement, for they found well marked connective 
tissue proliferation about the central veins m protracted experi- 
mental obstruction of the infenor vena cava Excellent evidence 
that prolonged right heart failure leads to fibrosis of the liver vs 
also contained in the above-mentioned investigation of Katzin 
Waller and Blumgart They found that in 28Q cases in which death 
was due to heart failure, the incidence of hepatic fibrosis was three 
times as great as in 1714control necropsies The incidence and sever- 
ity of the fibroais of the liv er increased w ith the duration of the right 
heart failure Moreover, while fibrosis initiated in the central 
zone of the lobule is the most common form m heart failure, Katzm 
and hi3 associates also found that periportal fibrosis was more com- 
mon in patients succumbing to cardiac insufficiencj than m controls 
L’speciaify significant is tfaeir finding that central fibrosis so common 
in the cardiacs did not occur at all in the controls Boland and 
and Willius* hav e also recentlv published examples of ‘ true cirrhosis ’ 
due to heart failure 

In the light of these findings there would seem to be no room for 
doubt that protracted right heart failure leads to hepatic fibrosis 
On rare occasions— the rarit> is worth> of reiteration— this intra- 
hepatic fibrosis becomes sufficiently pronounced to impede the 
portal circulation and thus contribute to the production of ascites 
and splenouiegalv In these exceptional cases, the use of the term 
cardiac cirrhosis seems warranted 

Clinical Picture of Engorgement of the Liver — Pam.— \er> often 
passiv e congestion occasions no subjectiv e s> raptoms and is detected 
only by phvsical examination But in other instances the swelling 
of ^e liv er is accompanied by pain Indeed, there are rare instances 
of heart disease in which the first symptom is hepatic pain The 
pain 13 especially apt to occur when the engorgement of Uie liver 
sets in acutely for instance in the sudden nght heart failure that 
often accompanies the onset of auricular fibrillation In these cases 
the pain may be of such sudden onset and sev erity that cholelithiasis 
or some other acute surgical condition is suspected, such patients 
have been subjected to operation The pain is usually localized 
in the right upper quadrant but may he epigastric Especially 
when of sudden development, it may radiate to the back, the spine 
of the right scapula or the nght slioufder, as m gall stone colic 
UsualK, It IS described as a soreness, hcavmess, or dull ache which 
IS intensified by movement or deep brcatbmg and prevents the 
wearing of tight clotluug, not rarely* the patient with an engorged 
li\ er splints his breathing like in pleurisy to prev ent the squeezing 
of tlie U\ er by tlie increased mtra abdominal pressure during 
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inspiration fliere are also cases m \slnch the pain is lancinating 
or colicky one such patient ^Mth an artcnoaclerotic heart i\ho 
also had icterus Mas saved from laparotomy while being prepared 
for operation It is to be einpliasized that there inaj be seiere 
pam of htpatic origin when the enlargement of the li\er is but 
slight the lower edge reaching oiih J or 3 tm below the costal 
margin It is in such eases in which the rigidity due to the tender 
ness and ptrliaps also gaseous distention interfere witli palpation 
that diagnostic difhciiltics arc most apt to occur On rare occa 
sions the hcpjtalgia of acute passu c engorgement is accompanied 
bv \omitiiig presumably this is actually a reilex manifestation of 
tlie swelling of the liver and analogous to the vomiting of gall stone 
tohe but tlierc IS also the |M)ssibilit3 that simultaneous engorgement 
of tile stomach is abo concerned 

I he pain IS usuall} must marked m the first daj s of the congestion 
and then dimuiishc^ Uut it ma> persist for inontlis in less intense 
form Most often the chromealli engorged liver is painless or almost 
so although inercineiit in the swelling due to intensiHcation of the 
heart failure ma> be evinced bv ctacerabation of the pain It is 
often striking how raptdi> intense liver pam vanishes when heart 
failure is mastered bv digitalis or other measures 
I The pam of hepaue cigorgcmcnt isgencrali) tliought to be due 
to stretching of the capsule which accounts for the fact tliat it is 
most apt to be sev ere m sudden congestion Lpisodes of hepatic 
pain in long stai ding engorgement cspeciall> when intcnsi5ed by 
deep breatlimg are often attributed to perihepatitis But I have 
never heard a friction mb in such a case and the mtensiBcation by 
deep inspiration maj well be a e-onsequciice of increased mtra 
abdominal pressure 

Dyspeptic Symptoms — -\ anous dvspeptic sjmptoms often accom 
pany the hepatic engorgement of heart failure Among them are 
anorexia mctcorism eructations constipation occasional bouts of 
diarrhea nausea and rarely vomiting At the bedside of chrome 
bed ridden canliacs these are among the most common complaints 
But to wliat extent they are correlated with the engorgement of 
the liver or with that of the gastro intestinal tract or pancreas is 
not clear 

Enlargement —Of the objcctiv e sy mptoms of passiv e engorgement 
of Uie liver enlargement is the most constant TIus vanes from 
a size in which the lower edge is just palpable to an enormous 
tumor extending well below the umbilicus Most of the extension 
of llie engorged liver is downward However sometimes upward 
extension is revealed by elevation of the diaphragm with com 
prLSSion of the right lower lobe which results m dulness and feeble 
breathing this may be differentiated from the correspondn g signs 
of pleural elfusion by tlie relative mobility of the lower border of 
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the lung, unless pam limits the respiratory excursion Usually, the 
enlargement is symmetrical, but when engorgement affects a liver 
which 13 ptosed or has a Riedel lobe or other deformity, peculiarly 
shaped tumors occasionally result which may lead to diagnostic 
difficulties In long-standing engorgement with fibrosis, the liver 
may be very hard with either a sliarp or somewhat blunted edge 
The irregularities in cardiac fibrosis are not palpable In rare, pro- 
tracted cases, the fibrosis and other processes described in the section 
on pathological anatomy may cause shrinkage of the liver to above 
the costal margin 

Tenderness — Ihe pain is accompanied by tenderness on palpa- 
tion, indeed, very often the tenderness is present when the patient 
does not complain of s^iontaneous pam The tenderness may be 
associated with muscular ngiditv and thus prevent accurate delimi- 
tation of the sire of the liver Mackenzie” pointed out that the 
tenderness often extends well beyond the borders of the liver and 
may reach the right paravertebral region posteriorly For this 
reason, he concluded that the seat of the tenderness is in the skm 
and more especially the muscles However one can often convince 
oneself that the liver itself is also tender, for when the patient 
breathes while the hand is appropnatclv placed on the abdomen, 
tenderness may be elicited only when the edge strikes against the 
hand In long-standing engorgement, the tenderness and muscular 
rigidity generally ilisappears 

Pulsaboa —The engorged hv er may pulsate It is necessary to 
differentiate true expansile pulsation from movements communi- 
cated to the liver by the heart, from which it is separated only by 
the diaphragm, or from the abdominal aorta Lspecially m instances 
of right ventricular enlargement, but also in the ample excursions 
of aortic incompetence, the movements communicated to the liver 
by the heart or aorta may simulate hepatic pulsation Sometimes 
differentiation by clinical means is very difficult, but most often 
careful palpation will enable one to determine whether the liver is 
actually expanding in volume with each heart beat or is merely 
being displaced It should be remembered that communicated 
movements of the liver are far more common than true pulsation 
The so-called arterial pulsation of the liver m aortic insufficiency 
is probably most often, if not always, intrclv a transmitted move- 
ment 

There are two forms of liver pulse the ventncular and the 
auricular Each accompanies the corresponding type of venous 
pulse m the neck 

In the rentncidar form of Uver pulse, the organ is distended 
during ventricular systole just as arc the cervncal veins in the ven- 
tncular form of venous pulse Usually, though not mvanably, it 
occurs in the presence of auncular fibnllation Since considerable 
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force IS required to distend the Ii\er, it is generally thought that 
the ventricular form of liver pulse indicates the existence of tri- 
cuspid insufficiency, citlier o^anic or more often relative Hoiv- 
c\ cr, it 13 possible that tlie same mechanism w hicli has been described 
on page 117 ns causing the vcntncular form of venous pulse may 
rarely produce a similar form of liver pulse merely as a result of 
great venous stasis and absent aunculars^stolc, despite the absence 
of notable tricuspid incompetence 

In the auricular fom of liver pulse, the organ swells during 
auricular sjstolc, r e, early ventricular diastole Mackenzie** 
originally considcrctl this form of liver pulse, of w hich frank examples 
are very rare, as pathognomonic of the right auricular hypertrophy 
of tricuspid stenosis Kut he later olisen ^ examples in the absence 
of tricuspid obstruction Nevertheless, at least in the absence of 
other evidences of severe failure of tJie right heart an auricular 
liver pulse is prohnblv good evidence of tncuspid stenosis and is 
always very suggestive of this rare lesion ;Vs already mentioned, 
the auricuhr form of liver pulse accompanies a large auricular wave 
m the neck Veins 

Hepatci-jupilar Reflux.— \n mtcresUng phenomenon, long ago 
pointed out by \\illiam Pasteur,** is Uiatwlicn the engorged liver 
of the recumbent patient is manually compressed, the veins m the 
neck can be seen and felt to swell (hcpato-jugular reflux of the 
rrcndi) 'iiic same swelling of the jugular veins can also be occa 
sioncd 111 patients witli severe right heart failure by compression 
of other parts of tlie abdomen, for instance the left lower quadrant 
On the other hand compression of an enlarged liver (e g , u car- 
cinomatous or cirrhotic oi^an) or another part of tlie abdomen in 
a piticnt with intact circulation does not cause swelling of the 
juguhr veins, providal the patient is instructed to breathe as usual 
during the maneuver By measuring the pressure in the ante- 
cubital vein my associate. Dr William Ilitzig has found that 
winle compression of the liver or lower abdomen m a subject witli 
right heart failure causes a considerable rise m pressure (even 
10 cm of water), tins is slight or absent in subjects with unimpaired 
circulation I have repeatedly found observation of the cervical 
veins during hepatic compression of aid in the differential diagnosis 
of enlargement of tlie liver The swelling of the cervical veins dur- 
ing hepatic compression is simply a sign of right heart failure 
^\licn tlie right heart is msufficicnt the right auricle does not 
empty as completely as in health The result is that the blood 
forced into the inferior vena cava and then into the right auricle 
by the abdominal compression is added to the residual blood m the 
right auricle and tlius raises the intra-auncular pressure In addi- 
tion, as pomted out by Lian and Blondel the abdominal compres- 
sion elevates the diaphragm and thus increases intrathoracic 
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pressure These two factors result m greater resistance to the return 
from the superior ^e^a cava and jugular veins so that the blood 
flow within them is slowed and thej- swell The swelling is all the 
more prominent because these veins were vs ell filled previously in 
consequence of the nght heart failure 

Tests ol Hepatic Function —From the anatomical findings, it is 
obvious that the functional capacit> of the hv er must be diminished 
to some extent m severe engorgement However, the factor of 
safety of the liver is so great that fatal hepatic insufficiency (chol- 
emia) apparently docs not occur as a result of uncomplicated lieart 
failure* Ihe hvpcrbihrubmemia that is the rule and the jaundice 
that occasionally occurs in severe heart failure are primarily due to 
impavrevl hepatic function (page 259) The liver damage is also 
evidenced by tbe fact that most patients with hepatic engorgement 
exhibit an increase m the urobilinogen content of the urine Accord- 
ing to Ileilmeyer (page 270), the increased total pigment content 
of the urine in right heart failure is principally due to unpaired liver 
function The augmented lactic acid content of the blood that may 
occur m severe right heart failure is doubtless also at least partially 
the result of hepatic damage Lsing the bromsulphalem test of 
liver function Jolliffe" obtained evidence of impaired function in 
the form of retention of between 5 and 20 per cent of the dye m 
12 of 10 patients w ith right heart failure Bromsulphalem retention 
exceeding 5 per cent occurred in 14 of Cantarow s* 42 patients with 
heart failure of varying severity in 2 there was 100 per cent reten- 
tion On the other hand, Joliifie obtained a positive levulose toler- 
ance test m but 3 of the 10 patients just mentioned The distur- 
bances m hepatic function due to heart failure do not seem to be 
documented m the cholesterol content of the blood , this vv as normal 
m Cantarow 3 cases and I have several times observed a normal 
percentage of cholesterol esters in severe failure As a result of a 
detailed studv with various tests of liver function JollifTe found 
evidence of some impairment of liver function m 15 of 16 patients 
w ith right heart failure 

CkKDlAC JAUNDICE 

Increase in the hilirubm content of the blood is verv common in 
stvtrt and protracted heart failure It was present* m 21 of 
2 1 such patients m the Montcfiorc Hospital for Chronic Diseases, 
where most of tlie patients have been ill for over a year On the 
other hand, hyperbilirubinemia was found m only 2 of 7 patients 
with severe heart failure of recent inception These findings refer 

* French clioici&o* (VilUrct and Juatin Besantoa^) ba>e described a clinical 
picture akin to that of acute }ellow atrophy with fatU cholemia m heart fa lure 
but I ha\e not seen this and ^'ould be inclined to view such liver damage as due to 
some complication 
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to pitients with both right and left heart failure and consequently 
both htpatic and pulinonar> engorgement a combination winch 
seems to offer the < ptimum condition for icterus of cardiac origin 
In several patients with isolated left heart failure and intense engorge 
ment of the lungs the hihnibm content of the blood was not notably 
increased Usuallj tlie \ an den Ilergli reaction in tlic serum of 
patients with heart failure is deh>cd or indirect but m exceptional 
mstanees with marked hjpcrbilirubincmia it is prompt and direct 
riie hvpcrbilirubmcmia of heart failure is not uncommonly 
aicompanied bj jellowish discoloration of the sclcrm which is not 
suffieienth deep to be recognized unequivocally as icteric In 
exceptional instances this is heighlcnwl to frank jaundice which was 
present in 2 1 per cent of Jolliffcs 231 patients with heart failure 
m 4 per cent of the 42t coses studied by Kugel and Lichtman 
and m 2 of the 42 ri ported by Cantarow The icterus is especially 
apt to appear suddenij twotofourdaj3afterpulmonar> infarction 
I ha\ e nev cr obscrv ed the jaundice of heart failure to be v eiy deep 
onh on very rare occasions docs the concentration of bilirubm m 
the scrum exceed 3 mg per cent 1 lie combination of icteric scIene 
and fate with cjanotic lips and nose imparts a very characteristic 
appearance to the patient so-eaIle»l cvanouc icterus Alcakms** 
has pointed out that cvanotic icterus is iisuallj visible only m those 
parts of the boil> winch ore free of edema Similarlv Page’^ 
observed two patients with heart failure and lieiniplegia who were 
edematous on the hemiplegic side jaundice could be seen only on 
the other iion*cdctuatou$ side Searching for the axplanation of 
this phtnonicnon Mcakms found that the edema fluid is almost 
devoid of bile pigment which be attributes to the inability of the 
large bilirubin molecule fo traverse the capillary wall This expla 
nation is doubted by Ottenberg** who points out that biltrub n 
rcaddv difTiiscs through membranes He behev es the low concen 
tration of bilirubin m edema fluid to be a result of the low solubility 
of bihrubin whicli is held in the blood adsorbed to protein because 
of the low protein content of the edema fluid little bilmibm can 
be held there 

Bilirubm appears m tl c unne in some instances of cardiac jaun 
dice but more often it is absent The amount of urobilinogen m 
the urine is increased (page 272) The stools are not decolorized 
indeed thej are usuallj dark and according to tppinger ' have a 
high content of bile pigment derivatives 

\^lth improvement of the heart the jaundice lessens or vanishes 
and the bilirubm content of the blood decreases The jaundice 
inav reappear in successive bouts of decompensation or after 
pulmonary infarction However cjanotic icterus is a senous 
manifestation and most patients who present it succumb within a 
relativelj short time 
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Pathogenesis —It is not entirelj clear how heart failure pro- 
duces hyperbilirubinemia and jaundice However, available evi- 
dence indicates that three mam mechanisms participate (1) 
Impairment of liver function, (2) increase in the production of bili- 
rubin, (3) diminution m blood flow through the hver 

1 Impairment of Liver Function —The very fact that the bilirubin 
content of the blood is elevated indicates that the ability of the 
hver to excrete the pigment is impaired For the factor of safety 
of the healthy liver is so great— well over three-fourths of the organ 
can be ablated without jaundice resulting— that it is doubtful if 
the amount of bilirubin produced is ever so great as to result in 
icterus when the liver is functionally unimpaired (See Uich** for 
a splendid discussion of the general problem ) The anatomical 
findings m chronic passive congestion of the hver have already 
been described Wien severe and widespread, as is often the case, 
they seem adequate to explain the accumulation of bilirubin in 
the blood But hyperbilirubinemia also occurs in instances of 
heart failure in which the sections reveal only atrophy of the central 
zone of the lobule and fatty deposition in the other parts In such 
cases the damage to hver function must be an expression not only 
of the lesions that can be seen under the microscope, but also of 
injury to the other hver cells which is not manifested by morpho- 
logicol changes demonstrable by present methods Hich, Rcsnik,*’’ 
Kccfcr,'* and their associates have brought forward strong evidence 
that the depression in the excretory function of the liver m heart 
failure is largely a result of oxygen deficiency They have shown 
that the same anatomical picture of central atrophy and fatty 
change m the liver is present m various circumstances in which 
the oxvgcn supply to tlie liver is deficient This is true, for instance, 
in pernicious anemia, of which livpcrbilirubinemia is a characteristic 
manifc'station And by repeated bleeding of animals, as well as 
by keeping them m a chamber with low -oxygen tension, they were 
able to produce lesions of the liver essentially the same as those 
present in chrome passive congestion, and to show that oxygen 
deficiency depresses the excretory function of the hver 
The deficient oxygen supply to the liver cells mheart lailure seems 
to be due not only to the slowing of blowl flow through the hver, 
but cv cn more to axtcrial anoxemia resulting from pulmonary lesions 
Eppingcr,* Libraan,** Rich, and Keefer and Resnik have pointed 
out that the jaundice of heart failure is especially apt to develop 
m the wake of pulmonary infarction The latter mvestigators 
believe that pulmonary infarction bnngs out jaundice largely 
through the intermediary of arterial anoxemia, for Binger, Brow 
and Branch* showed expcnmcntally that multiple infarction of the 
lungs depresses the oxygen saturation of the arterial blood Of 
course, a single infarction, even though massive, could have a 
17 
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sifeiiifitant effect on the oxygenation of the blood only when the 
vital capacitv is alrcauly dunmi^cd by engorgement which is 
always the case m the patients now under consideration That 
pulmonarv infarction docs not bnng about cardiac jaundice through 
local formation of bilirubin from the extravasated blood has been 
demonstrated by Rich and Resmk They injected volumes of 
blood comparable to those m large pulmonary infarcts into the 
muscles of patients with heart failure but observed no increase m 
the bilirubin content of the blood It is to be emphasized that 
pulmonary infarction while present m most patients with cardiac 
jaundice, is not a nne qua non for the production of such icterus 
Lkv ation of the bilirubin content of the blood is common m heart 
failure even tJiougli tlicre is no pulmonary infarction and I have 
also seen frank jaundice m tlie absence of infarcts of the lung 
All in all It would appear tliat Rich and bis associates have 
adduced very strong clinical anatomical and experimental cvi 
dcncc to buttress tlicir conception that oxygen want is of prime 
importance iii pirxiucmg the daina^ to the liver that results from 
heart failure However, there is no reason to believe that it is 
the only factor operating The retardation of blood flow through 
the liver presumably has deleterious consequences for the metab> 
ohsm of the hv or cells other than those due to oxy gen lack and the 
iDcchanical compression of the liver cells by tlie dilated capillaries 
(page 251) ninv also be of signiflcancc 
J Increase in the Production of Bilmibin —There is good reason to 
believe that this factor is often an important adjuvant to tlie 
depression of liver function m causing the hyperbilirubinemia and 
jaundice of heart failure Clinically the patients exlnbit increased 
excretion of urobilin in the stools (Eppinger’) and of urobilinogen 
m the urine The greatest amount of blood destruction probably 
occurs m the lung Ihis is indicated by the expectoration of heart 
failure cells and by the brown h^osidetm pigmentation (brown 
induration) seen at necropsy which testify to the destruction of 
stagnated and extravasated erythrocytes in the lungs The deposi 
tion of hemosiderin in the lungs is most often diffuse which shows 
that it IS not only m infarcts that destruction of red cells occurs 
Peculiarly enough the liver and spleen contain very little herao* 
siderm in uncomplicated heart failure (Lubarsch'*) 

3 Diminution in Blood Flow Throueh the Liver —When heart failure 
results m diminished cardiac output it is to be presumed that the 
\ olumc of blood passing through the Itv er per minute is also dtmm 
isbed This is another factor, though doubtless only an accessory 
one which tends to cause retention of biluaibm m the blood 
To Smnmanze —Cyanotic icterus is due primarily to impairment 
of the excretory function of the liver Accessory factors are 
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increase m the production of bilirubin and diminution in the volume 
of blood flow through the h\er 

In accord with his classification of jaundice into retentional and 
regurgitational, Rich*® recognized two forms of cardiac hj’perbiliru- 
binemia and icterus ^Vhen the changes in the liver cells are con- 
fined to central atrophy and fatty deposition, there is pure relenhonal 
jaundice and the Van den Rcrgh reaction in the blood is indirect 
But when the damage to the hver is so severe as to produce necrosis 
of the h\ er cells, there is regurgitation of bile from the ducts mto 
the blood, and this regurgiiabonal jaundice is evidenced by a direct 
Van den Bergh reaction in the blood and verj rarelj b> tlie appear- 
ance of bile acids m the urine 

THE SPLEEN 

Ihe spleen is veiy inconspicuous in the s>mptomatology of heart 
failure Apart from the very exceptional instances m which secon- 
dary changes in the liver cause significant obstruction to blood flow 
through this organ, it seems doubtful if the spleen is ever suffici- 
cntlj enlarged to be palpable as a result of uncomplicated heart 
failure 

Ihe appearance of the spleen at nccropsj vanes with the duration 
of the msufllciency of the right heart In instances of acute heart 
failure, or those of relativelj recent inception, the spleen is slightly 
enlarged, more so m thickriess than m length or breadth It is 
dark bluish red or purple m color and feels firm or rubbery (cyanotic 
induration) On section, it holds its shape even though a conside> 
able amount of blood escapes from the vessels Microscopically, 
the most prominent feature is distention of the venous sinuses, 
which are gorged with red blood cells \NTnle there ma> be some 
increase in the number of erythrocjtes m the pulp, this is not a 
prominent feature unless there is complication by splenic tumor due 
to infection 

Ihc anatomical findings arc different m cases of long-standing 
heart failure Here the spleen is often decreased m size (cjanotic 
atrophj }, weighing but ^ to 100 grazaa The organ feeb hard 
The capsule is thickened, opaque, and often wrinkled On section, 
the spleen cuts with resistance and reveals thickening of the trabec- 
ulai and blood vessels Microscopicall> , the venous sinsuses arc 
seen to be distended and their walls thickened The connective- 
tisoue framework of the organ is greatly thickened The atrophic 
pulp contains v ery few red cells and usually little iron is rev ealed 
by appropriate stains 

The pathogenesis of cy anotic atrophy of the spleen has not been 
entirely elucidated It is possible that it is due to the same v aric^ 
of coniicctiv e-lissuc hyperplasia that occurs in consequence of 



202 


TUB LIVER AND SPLEEN 


djronic passive congestion m vanous organs But another factor 
may also enter because of the reservoir function of the spleen 
Patients with long-standing cardiac msufficienc> generally have an 
increased circulating blood volume Such increase m circulating 
blood volume probabI> implies an einptjmg of the blood depots, 
of which the spleen is the classical example (page 02), into the 
general circulation That this actuallj occurs is mdicated b> the 
paueitj of red cells m the pulp of the spleen of such patients with 
long-standing heart failure, despite tfie engorgement of the v enous 
sinuses Ihc long-continued cinptj state of tlie splenic reservoir 
nnj well lead to atroplij of the organ with h>perplasia of the con- 
nective tihsue framework If this hjpothesis (for such is all it is) 
IS true, two opposing mfluences act on the sim of the spleen m 
heart failure (1) Engorgement of the veins, tending to increase 
the size of the organ and predominating in the earl> stages, and 
(2) emptjiiig of the blood reservoir, tending to decrease the size 
of the spleen, and predominant m long-standing cases 
Two other influences occasionally enlarge the spleen of patients 
with heart failure suiGcicutlj to render it palpable The first of 
these 13 infection In exceptional instances of rheumatic heart 
disease, I liavc been able to palpate the spleen during bouts of 
acUve rheumatic fever The second is the development of marked 
atrophic and fibrotic changes m the liver (cardiac cirrhosis) as a 
result of long-standing right heart failure In some, though bj no 
means all, cases of this t>pe, the spleen is considerabl> enlarged 
and can be felt Since tlicsc cases generally liave recurrent ascites 
I^cnncc's cirrhosis may be simulated It is probably the increased 
resistance to blood flow through the liver m these instances of 
“cardiac cirrhosis'’ tliat leads to the spletiomegalj and ascites 
through the mtcrmcdiacj of portal hjpcrtension The spleno- 
mcgalv m adbesiv e mediastiiio-pcricarditis is discussed in Chapter 
\ W Ilarcl) a large effusion in the left pleura due to heart failure 
pushes the spleen down sullicientiv to render it palpable, although 
the organ is not enlarged Tlic splenoraegab of subacute bacterial 
endocarditis is not iluc to heart failure but to bj'perplastic processes 
correlated with tlic infection and to mfarction 
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CHAPTER \VI 


llin KIDNLYS AND URINE 

liiF urine la the mirror of live circulation through the k«lne>s 
lliL \oIuinc and composition of the urine arc far more intimatel> 
related to tJic \i.locitj and pressure of tlie blood as it traverses the 
rttial Ljpillanes Uiaii are the saliva, sweat, pancreatic juice and 
oUicr true secrLtions to the corresponding mechanical coefficients 
of tin, circulation through the organs in which tJiey are produced 
1 or this reason observation of the urine is one of the most valuable 
means at the di<iposal of the chmcian for evaluation of the circula 
torj status A glance at the unnal with its scant) high-colored 
urine often suffices to reveal tlie presence of heart failure while 
abundant, pale urine maj immediately indicate that digitalization 
or some other therapeutic measure is accomplishing the desired 
object Of csjiccial value in patients with circulatory failure is 
the comparaliv e observation of the dailj urmar> volumes especially 
when considered in conjunction witli the Buid intake and the 
fluctuations in body weight 

This chapter w ill be limited to the renal manifestations of those 
forms of circulatory failure which are cliaractcnzcd by engorge* 
ment of the systemic veins t e , right heart failure and h^’podiastolic 
failure Parcntlictically, it may be mentioned here that the elab* 
oration of the unne is also affected by other forms of circulatoiy 
insufficient!) Thus, in isolated left heart failure without venous 
engorgement I Lave repeatedly observed oliguria as low as 400 or 
500 cc dail) with urmc of high specific gravity Witli improvement 
of the left heart the urinarj volume rises However I have not 
observeel the oliguria of left heart failure to be accompanied by 
albumiiiuna or any of tlie other characteristics of the urine m 
passive congestion of tlie kidne)8 And even oliguria is not alwavs 
definitely demonstrable in left heart failure patients witli severe 
exertional d)spiica and parox)sms of cardiac asthma ma) eliminate 
1000 cc of urine or more during the da> It is to be presumed that 
the oliguria of left heart failure is a result of diminution m the 
volume ot blood flow through the kidnejs, for it ma) be present 
when the arterial pressure is normal In peripheral circulatory 
failure oliguria occurs and nia) even attain anuria (page G23) 

PATHOLOGICAL ANATOMT OF ENGORGEMENT OP THE 
E1DNE7 

The engorged kidney is enlarged Usuall) the mcrease m size 
13 but moderate and consists largely m an increment m thickness 
but exceptioiialh the engorged kidney weighs almost twice the 
(2M) 
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normal. It feels firm and is sometimes actually hard. The capsule 
is thin and strips readily, without occasioning loss of kidney sub- 
stance. The surface is smooth and dark red to purple in color. 
Occasionally, in cases of considerable duration, there is a jellowish 
mottling. The stellate veins arc distended and prominent. On 
section, cortex and medulla are well differentiated, the former being 
of some\%hat the same color as the surface, the medulla darker, 
occasionally almost black, and with prominent striation due to the 
distended straight \cin3. In long-standing cases, there is often 
marked jellowish discoloration of the cortex due to fatty change. 
Often, the glomeruli are enlarged and form quite prominent bright 
red dots, but in other cases they are hard to make out. The pelvis 
is engorged. 

Microscopically, the distention and engorgement of the veins 
and capillaries is the most striking feature; indeed, in recent cases 
there may be little further abnormality. Quite ofte/i, the engorge- 
ment of the intertubular capillaries is much more marked than 
that of the glomerular loops. I ha\e several times seen sections 
from cases of right heart failure of recent inception in w hich the inter- 
tubular capillaries were markedly engorged, while the number of red 
cells in the glomerular loops seemed hardly increased. With longer 
engorgement, however, the Malpighian corpuscles also generally 
berome intensely congested. But there are also instances of long- 
standing passive congestion in which the engorgement of the 
glomerular capillaries is much less than that of the Intertubular 
vessels, which I'ahr* attributes to snelliog of the walls of the glo- 
merular loops 

Passive congestion soon leaves its marks on the specific renal 
elements. Coagulated protein and rod cells arc seen in some of the 
capsular spaces and the lumens of the tubules. Kspecially the cells 
of the proximal convoluted tubules, but also other portions of the 
tubules, exhibit such regressive changes as cloudy swelling and the 
appearance of Sudan-staining fat. Some desquamation occurs but 
this process is not prominent. The occasional swelling of the 
walls of the glomerular loops was mentioned above. Brownish 
pigment, usually small in amount, may be deposited in tlie tubular 
cells, especially those of the loop of Ilenle. 

In clironic cases, there may be considerable atrophy of the cells 
of the convoluted tubules witJi collapse of some of the units; the 
latter cliange, however, is not widespread. Wth this, there may 
be considerable h)*pcrplasia of the intertubular connective tissue. 
While the latter processes lead in rare, verj' chronic cases to scat- 
tered depressions of tlie surface of the kidney and are accoinpanied 
by marked induration of the organ, they do not produce any con- 
siderable contraction of the organ. It doc's not appear to have 
been established that chronic pas^vc congestion per m ever leads 
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to a contracted kidney 'Ihe ia 2 >ts that descnbtd as such by 
Sclmiaus and Horn'' anil other older investigators are evidently 
instances of tlie arteriosclerotic contracted kiclnev of essential 
hvptrtension eomplieate-d by heart failure 

THE URINE IN PASSIVE CONGESTION OF THE KIDNEYS 

Volume —The urinarj volume u diinunshed m passive e-ongestion 
of the kidneys Oliguna is often a very early sign of cardiac 
insutncieney live observant patient inav notice and mention 
spontaiiTOUsIy that lie jiasses little unne during the dav, although 
he 13 thirsty, drinks considerably, uid is able to be up and about 
vvitliout inueh dyspnea and little or no pitting edema of the feet 
Many tarduc pnticnta puss only 400 to 500 cc of vinnc daily for 
vvecla or even montlis lor a fevv davs at a time even smaller 
volume's m ly be elmnnitcil and in cardne shock (page 053) there 
in IV be complete anuria In a general my, the unnirv volume 
varies inversely with the other evidences of circulatory failure 
Of exiurse, tins relation may be disturbed by many of tlie com 
plications that oc-cur during ciitlnc failure Ihus the develop 
ment of bronchupneumonia or another febrile state niav mteusify 
the oliguru even though the circulatory status is not affected 
On the other hand m the very common cases m winch heart failure 
supervenes m an individual with high blood pressure whose renal 
function has been unpaired by artcrioloschrusis of tlic kidneys the 
urinary output is often larger Uian would be expected from the 
other evidences of cardiac iiisulBcicncv Indeed when the Buid 
intake IS not restricted, the daily urinary volume m such patients 
may be well above 1200 cc despite mcrevsing edema swelling of the 
liver etc lJut comparison of the urinary output with the coni 
peiisatory polyuria present before and after the episode of decom 
pcnsatioii shows that the latter was accompanied by relative oli 
guna Sloreover, III sueli cases the specific gravity of the urine is not 
as high os IS usual in heart failure, offering a furtlier valuable 
indication of the reason for the absente of oliguria In some 
mstinees of well marked heart failure m thy rotovicosis also the 
urinary volume may be maintained at practically a normal level 
apparently ns a result of the increased loetabolisiii The allevia- 
tion of polyuria iii diabetics with arteriosclerosis or of iioeluna in 
prostatics is sometimes not a favorable sign but rather a result of 
cardiac weakness 

Two of the outstanding cliaractenstics of cardiac oliguria are the 
pronounced effect of posture on the volume of urme and tlie delvy 
in the urinary elimination of ingested fluid 

Orthostatic Oliguria and Nyctuna — Cbar'icteristic of the oliguria 
of cardiac weakness especially m the incipient stages is that it is 
decidedly orihoaialie m nature While the patient is up and about 
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he passes little urine But when he goes to bed at night he elimi- 
nates a correspondmglj larger \olume of urine, and consequently 
has to get up once or twice, or even more, to pass urine While 
the healthy person, as a result of the prompt elimination of the 
water that is ingested and that which is formed in metabolism, 
eliminates much more urine during the day than during the night, 
this relation tends to be reversed m the patient with heart failure, 
a phenomenon that was termed iijcturia by Pehu * The cause of 
the njctiina of heart failure is evidently the accumulation of occult 
or manifest edema in the lower tAtremities during the da> when 
the patient is up and about, so tliat during this time less water 
reaches the kidnej for elimination At night, when tlie patient 
assumes the recumbent posture, the venous engorgement of the 
lower extremities is diminished with the result that edema fluid is 
resorbe^d into the blood stream and eliminated as unne It is 
possible that an accessorj factor in the orthostatic oliguria of some 
cardiac patients is increased resistance to the venous return from 
the kidneis themselves m the erect posture, such as occurs in 
individuals with orthostatic albuminuria 
The dilferentiation of n^ctuna due to heart failure from that 
which results from renal msufBcicncy is important, especially for 
rational therapy It is usually readily accomplished by observa- 
tion of the specific grav ity of the unne In cardiac iiy cturia, the 
specific gravity of the unne is high Ihe nycturia of renal insufR- 
cicncy, on the other hand, is a corollary of the inability of tlie 
kidney to form concentrated urine The result of the low concen- 
tration of the unne is that polyuna is necessary to eliminate the 
katabolites, and the kidney continues to form urine at a more or 
less uniform rate throughout the twenty-four hours, with conse- 
quent nocturia In such patients, the specifie gravity of the urme 
is low and is thus differentiated from that m cardiac nycturia 
Moreover, m renal insufficiency tlie total twenty-four-hour urinary 
volume IS increased and not decreased as is the case m cardiac 
nycturia And flnally the individual with renal msulliciciicy has 
polyuria during the day, while m heart failure little unne is elmu- 
nate-d whife up and about 

Delayed Urmary Elimination.— ^Vnother manifestation of the 
oliguru of heart failure is tlic delay m the urinary elimmatiun of 
ingested water If a healthy person drinks 1200 cc of water or 
lemonade m onc-half hour, it is ehminatctl withm four hours, the 
larger half within the first two hours Ihis is not true of patients 
with heart failure, who pass only a fraction of the mgeste<l water 
m the unne of tlie first four hours, and tiie amount eliminated is 
c'onsiderably sinaller if tJic subject sits up dunng the test The 
causes of the delayed elimmation will be discussexl below In 
patients witli hypertensive heart disease, it should be borne m 
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mind that delayed ^\ate^ excretion may be due to either cardiac or 
renal nisufliciency 'Ihe significance of the two factors can be 
evaluated bj the concentration test If the patient is able to 
elaborate urine of high specific gravity the defective water chmina 
tion 13 due to heart failure On the otlicr hand if the moxunum 
specific gr i\ it> of the urine is low there is rcual insufficiency But 
it should be remembered tliat m the presence of severe impairment 
of renal function the urine remains of low specific gravity despite 
coinphcation by heart failure 

One of the most valuable signs of improvement m a patient vvitli 
lieart failure is increase in the volume of urine ^Vben an indi 
vidual with eardiae edema starts to improve either spontaneously 
or as a ri 2 »ult of digitalization polyuria appears and may amount 
toevenJOOOor 1000 ex, daily until the retimed water is eliminated 
It was because of this phenomenon that digitalis attained its original 
reputation is i dmrctie 

Mechanism at Cardiac Oliguna — \t least two mam mechanisms 
txniie into e-onsideration ui tlie pathogenesis of cardiac oliguria 
(1) prmnnly extrarcnal retention of water in the tissues so that 
le*ssj IS available to the kidneys for excretion (2) decrease m the 
capacity of the enij,orgcd kidney to excrete water 

1 Extrarcnal factors —In the section ou the patliogcncsis of 
c irdiae exlcnm (page 102) wc have seen that the retention of water 
111 the tissue's vv Inch occurs m right heart failure is due to extrarenal 
causes (pnimnly increase in capillary pressure secondarily height 
ened pcrmenbility of the capillaries and decrease in colloid osmotic 
pressure of the blood) U a result of the operation of these factors 
water 13 displatcil from the blood stream into the tissue spaces 
The foiiscqucnec is tint less water is available for the kidneys to 
excrete and oliguria results just as it does in consequence of profuse 
perspiration or abundant vomiting • 

1 hat extrarenal factors and not the kidney are pninanlv respon 
siblc for die oliguria of beirt failure is also show n by the fact that 
when lluil IS npidly mobilized into die blood stream of such 
jiitients it 13 excreted quite rapidly Thus when cardiac insuffi 
eieiicy results in marked e-dcina of the lower extremities elevation 
of the latter is often followed by pronounced increase in urinary 
output And similarly as mentioned above the urinary volume 
rises vvhtii a patient with cirdiac oliguria assumes the recumbent 
posture It has also been found repeatedly that while an mdi 
vidual widi cardiac oliguria eliminates m the urine of the next few 
hours only a small part of any considerable volume of salt solution 
that he drinks die intravenous injection of the same volume of 
salt solution is followed by prompt increase m urinary volume 
(Noiinenbnicli’) Further evidence of the prunarily extrarenal 
causation of cardiac oliguna was brought forward by v olhard 
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who observed that in cardiac patients the red cell count rises during 
oliguria and falls during diuresis This is, of course, the reverse 
of what viould be expected in renal retention of water 

All these observations indicate the primarily extrarenal origin of 
cardiac oliguria Indeed, the copious diuresis that saijrgan pro- 
duces m most instances of cardme edema pomts m the same direc- 
tion, for a similar response is not usually obtamed in oliguria due 
to renal insufficiency 

2 lieml Factors —It has been seen that cardiac oliguria is due 
at least principally to fluid retention of extrarenal origm, and that 
the engorged kidnejs are able to increase the volume of urine if 
more water is rendered available for excretion by mobilization into 
the blood stream from the tissues m which it is retained ^Vhethe^ 
or not the capacity of the kidney to excrete water is diminished b> 
passive congestion remains to be determined The many animal 
experiments that have been performed in tlie effort to elucidate 
the mechanism of the formation of urme have shown that impedi- 
ment to the venous return from the kidnejs usually diminishes the 
volume of urine (Cushny*) However, this is not invariably the 
case Rowntree, Iitz and Gcraghty” found that when they pro- 
duced partial obstruction to venous return from one kidney by 
putting a band around the renal vein, in exceptional instances a 
larger volume of urine was formed b^ the congested kidney In 
these experiments, it would seem that the mereased flltration 
pressure more than overcame the effect of the slowing of blood 
flow so that the volume of unne increased However, the more 
usual effect of partial obstruction of the renal vein in animal experi- 
ments seems to be that the slowing of blood flow outweighs the 
incrtiisc in filtration pressure, with resultant decrease m the volume 
of urine \Vhctber slowing of flow or increase m capillary pressure 
dominates in the passive congestion of human heart failure has not 
been demonstrated Moreover, in heart disease these mechanical 
factors are complicated sooner or later by the damage to the kidney 
tells that results from the defective circulation, one of the manifes- 
tations of whicli IS aihuminuna It is generally taken for granted 
that such damage to the iena\ cehs dvmvmshes the \o\viTne of imne, 
presumablv through injurj to the glomerular filter, a conception 
that would bctm well supported bj the histological appearance of 
the Malpighian bodies (page 265) On tlie other hand, the tubular 
cells also suffer from impaired nutrition, and the possibility is to 
be borne m mind that impairment of their resorptive function may 
tend to increase the volume of urine However, the usual higlv 
specific gravity of tlie urine m passive congestion indicates that 
tubular resorption is quite efficient 
It would tlius seem that much remains to be learned about the 
effect of passive congestion on the ability of tlie kidiitys to excrete 
water In any event, the evidence presented above seems to 
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indicate strongly that tlie oliguria of right heart failure is due at 
least predominantly to txtrarenal factors, and that the engorged 
kidntjs are able to increase thtir output considerably as torrespond- 
ingly more uatcr is mobilised into the blootl stream 
Appearance — Uie urine formed by tlie engorged kidney is dark, 
uhtu the oliguria is se\cre, it ittains a brick-red or brown color 
^Yhtn first passt'd, the unne is clear, but ns it cools urates and uric 
acid settle out, so tliat the traiisparciic> diminishes and a copious 
sctliment* resembling brick dust is deposited at the bottom and 
adheres to the sides of the glass (sedimaiium latenltum) Hie color 
of Uie sediment is due to adsorption on the urates and uric acid of 
the urinar> pigments which are present in high concentration 
If the unne is warmed to bod> tempetature or alkahmzcd, the urates 
dissolve and the urine becomes clear again 
Ihe color of the unne is darker than corresponds to the specific 
gruvitj, high though the latter is lliis increased pigmentation of 
the urine m heart failure has been studied quantitatively and 
in great detail bj Iltilniejer* b> means of tlie photometer lit 
has found that in addition to the increased content of the uruie 
ID urobilinogen the other urinai^ pigments arc also increased 
ircilmcjer* believes that tlie increased pigment content of the 
urine in heart failure is largely a result of damage to the functions 
of the liver However m those cases m which tliere is increased 
blood destruction m the lung and other organs this factor is doubt- 
less also of significance According to the mv cstigations of Heilme> er 
and Sturm the increased elimination of urinary pigments is so 
constant m heart failure that the photometric study of the urine 
IS a valuable means of evaluating the functional status of the heart 
With the pobiina of improvement from cardiac insufCcieney, the 
unne becomes lighter and ma> be almost water-clear Light unne 
IS also encountered, despite heart failure, m renal insufficiency 
Specific Gravity —The specific gravity of the unne is high, often 
remaining bctwc'cn 1 025 and 1 035 for dajs or weeks at a time 
Lvtn when ^e patient drinks large volumes of water, the specific 
gravitj remains high because water is retained in the tissues and 
little excreted in the unne But if diuresis is produced by salyrgan 
or another diuretic, the polyuna is accompanied by low specific 
gravity Ilmtercgger* reports two instances of right heart failure 
in whicli till, specific gravity of the unne was fixed around I 010, 
but I have not observed this apart from complication by renal 
disease ^Vhen tliere a renal uisufficiencj, even the most severe 
heart failure may not result in elevation of the low specific gravity 
of the unne The polyuna of recovery from heart failure is, of 
course accompanied by low specific gravity 


• 1 hive twice seen patienU who passed numeroua small une acid calculi during 
episodes of heart fa lure though they neilhn' before nor after suffered from calculous 
disease 
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Normal Urinary Constituents — Urea and uric acid are increased 
m concentration in the unne during the oliguna of heart failure 
The urea content mav even exceed 4 per cent The increase m 
concentration corresponds to tlie diminution in urinary a olume dow n 
to \er\ pronounced degrees of oliguria so that the total urinary 
output of nitrogenous bodies IS not lessened Itisonly ^\henohgurla 
becomes extreme about 300 cc of urine dailv that nitrogen excre 
tion falls behind the requirements of metabolism and the non 
protein nitrogen of the blood nsca 

The same is not true of the chloride excretion in the urine The 
concentration of chloride in the urine is not increased m proportion 
to the high specific gra% it\ and oliguria on the contrarv it is often 
low and wink edema is forming may be present in only minute 
amounts Ihe result is since the unnary volume is diminished 
that the daily output of chloride in the urine is subnormal and if 
any considerable amount of chloride is ingested it is retained m the 
organism That the retention of chloride m heart failure is not 
due to inability of the kidney to excrete the ion is immediately 
proved m many of the cases with little chloride in the urine by the 
finding that the concentration of chloride m thcpiasmais subnormal 
In tliese cases tlic low chloride level m the plasma is doubtless 
responsible for the depression of c.x''retion of the ion m the unne 
When the plasma chloride concentration is low m heart failure this 
IS probably at least largely a consequence of increased transudation 
from the capillaries lor in accord with what would be antici- 
pated on the basis of the Donnan equilibrium the edema fluid 
having a lower protein content than the plasma has a higher 
concentration of chloride than the latter ihe result is that dis- 
proportionately more chlornle than v\ater is removed from the 
plasma Retention of water and of chloride m heart failure are 
thus two aspects of the same process and any of the circumstances 
wind} lead to the mobilizatjon and dimmation of edema fiuid also 
cause a corresponding outpouring of chloride During copious 
saljrgan diuresis in heart failure as much as 30 or 40 grams of 
soiiium chloride may be eliminatcil in the urine during twenty four 
hours Of course factors other than the formation or resorption 
of cilcma also affect the level of chlondc m the blood and conse- 
quently m the urine The result is sometimes high chloride concen 
trntiou lu the plasma and unne According to the mv Cotigations of 
Peters Bulger and Fisenmann • the chloride content of tlie plasma 
in heart failure is mffucnced by that of bicarbonate Ihey found 
that changes m the bicarbonate content of the blood (Chapter VII) 
tend to cause im erse changes m the chloride contention Ilowever 
Peters and liis assixriates observed that this reciprocal relationship 
between clilonle and bicarbonate in heart failure— which is m hue 
with what one would expect for the maintenance of electrolyte 
cquilibnum— IS often obscured by the intervention of other factors 
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The aculUj (h>drogcn ion concentration) of the urine m heart 
failure is usually high 

llie increase m the total 'pigment elimination m the urine m right 
heart failure has alreadv been mentioned The urobilinogen con 
tent of the unne vanes and is probabI> largely dependent on the 
extent to which hver function is unpaired b> the heart failure 
Ihc amount of blood destruction especially in the lungs is doubt 
less also significant m determining the urobilinogen content of 
the urine More than one-half of Jollifies* patients with right 
heart failure showctl increase in the elimination of urobilinogen in 
the urine Schmitz and Sherman** also found that m children with 
right heart failure due to rheumatic fe\er the urobilinogen content 
of the urine is not iiuariably increased and bears no constant rcla 
tionship to the degree of the failure They also obsciwctl that m 
children with rheumatic heart disease mcrcasc'd excretion ofurobil 
inogcn iiia\ occur m tlic absence of heart failure— an observation 
winch can of course be made m various fevers 

Fatholoid^l Coastitueats —Albuminuria is a common manilcsta 
tion of passive engorgement of the kidney tliough not mvariablv 
present It usually docs not appear until the cngi rgemcot has 
existed for sev cral cla^ s and on tlic other hand may persist for some 
lime after increase in unnaiy volume shows that the congestion of 
the kidneys has been relieved Afost often the albuminuria is but 
slight amounting to less than 0 I |>cr cent But m exceptional 
instances especially »» older persons who presumably have some 
renal arteriosclerosis heart failure inav result m rouclv mote marked 
alhummuria the connection of the latter watli the carliac failure 
IS shown by tlic fact that it dioiimslios or disappears witli the otlicr 
avmptoinaof heart failure when ihgitalization or otlier measures arc 
successful In essential hypertension also heart failure may be 
iccompauicd by massive alburamuna It is said that the urinary 
jirotem in Iicort failure consists of more globulin thau albumm 
(Cloctta*) but Uic reverse was true in the only two cases studied 
by the writer 

I xamination of the sediment often reveals casts red blood cells 
and white blo^ cells usually they are not numerous but excep- 
tumally they ate c^uite abundant Stewart and '\Ioore** counts 
the formed elements m tlie unne of patients with heart failure 
they found that the average number of casts was GO times and 
that of red and white blood cells 10 to 15 times greater than m 
health AVbile most of the casts are by alme granular and epithelial 
elements are commonly found Tliat these formed elements occur 
m the unne as a result of passive congestion alone is to be empha 
sized in themselves they offer no justification for the diagnosis of 
complicating inflammatory or embolic lesions The frequent abun 
dance of urates incl of unc acid coastals lu the unne m right heart 
failure has already been mentioned 
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RENAL FUNCTION 

Impairment of renal function is evidenced bj diminution in the 
abilitj to form urine of high concentration Consequently, the 
high specific gratify of the untie that ts produced by kidneys that are 
the seat of passive congcsiuni conslitules prima facie evidence that 
renal function ts unimpaired Almost m\ anablj , unless there is 
combination with inflammatory or arteriosclerotic kidney disease, 
any random specimen of urine passed by a patient w ith heart failure 
has a specific gravity above I 020 Or m the unusual instance m 
which this is not the case, the simple concentration test shows tliat 
the patient can form urme of specific gravity above 1 020 and 
therefore has adequate renal function 
The urea concentration test also shows tliat renal function is unim- 
jiaircd, for the urine contains a liigli concentration of urea 
Excretion of phenolsulphonepkthalctn is sometimes, though not 
always, diminished m severe right heart failure When the kidneys 
arc severely engorged and there is marked oliguria, the output of 
the dye in two hours may be less than 10 per cent However, as 
the high concentration of the urme shows the diminished excretion 
of phenolsulphoncplithalcin is not due to impaired renal function, 
It results from the oliguna and the slowing of blood flow 
The urea clearance test of Van Slyke often gives results within the 
range of the normal m heart failure But when the engorgement 
of the kidneys is severe and the oliguna extreme definitely sub- 
normal results are not unusual This is due to the oliguna 
If the patient with right heart failure drinks a large volume of 
water {dilulion test), the water is excreted far more slowly than m 
health Thus, if 1200 cc of water are taken within one-half hour, 
instead of passing practically the entire amount or more within 
four hours as docs the healthy person, the individual with heart 
failure may eliminate only about 200 cc And the specific gravity 
of the urine may not fall below 1 015 or ev en more, instead of the 
nonnal 1 004 or less Similarly , sodium chloride is excreted but 
slowlv The water and salt retention is, of course, not due to 
wnpairmenl of Tena\ iundiim Vml is a consequence of the exlrarenat 
disturbances described m Chapter \1I, which cause water and 
salt to be retained m the tissue spaces 
Tlic non-protein nitrogen and urea concentrations in the blood 
are not elevated m tlic large majonty of instances of heart failure, 
though the tendency is for the values to approach the upper limit 
of normal However, in cases m which oliguna is intense, the 
unnary v olume falling bclcm about 500 cc daily for sev eral day s, 
considerable nitrogen retention may occur Ihe human kidney 
cannot excrete urea m higher concentration than about 5 per cent 
If, thcrtforc, less than 100 cc of imne are eliminated daily and 
the production of urea exceeds 15 grams m the twenty -four hours. 
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rcteiitioti must oc-cur. Nevertheless, it is extremely rare for the 
non-protein nitrogen of the blood to attain 100 mg. per cent in 
tlie course of protracted cardiac insufficiency. Tlie reason is that 
oliguria of tlie necessarj’ se\cnty and duration is rare other than 
terininnlly in sucli cases. On the other hand, in the acute heart 
failure of inj ocardial infarction the cardiac output and consequently 
renal blood flow is rcdiuetl to \alue 3 so low that extreme oliguria 
and even anuria may otcur, witli resultant azotemia of high degree. 
The same mechanism often leads to pronouncul nitrogen retention 
in peripheral circiiUtorj' failure 62.3) 

\Vhcn lieart failure complic.ates renal disease, nitrogen retention 
often occurs. Tlie most common eases of this type are in mdi- 
^iduala with essential Iiipcrtension and impairment of renal func- 
tion as a result of arteriolosclerotic changes m the kidney s Nitrogen 
retention may first appear in such cases when the heart weakens 
The reason for the nitrogen retention js tliat the arteriolosclerotic 
kidney is unable to form urine of sufficiently high concentration to 
compensate for the ilimmution in urinary Noluine clue to the heart 
failure. The cardiac factor in such cases 13 revealed by the fact 
that the non-protcin nitrogen of the blood ri^ies despite urinary 
spc'cific gravity as high as 1015 or I 018 And the non-protein 
nitrogen of the blood may fall to normal with improvement of the 
heart. 


suBJEcrm: symptoms and physical sions op renal 

ENGORGEMENT 

Despite the enlargement of the kidney and the stretching of the 
capsule, passiv c engorgement of the organ docs not cause pain. Nor 
js there tenderness on paliwtion or on deep percussion in the costo- 
>crtcbral region The occurrence of pam or tenderness indicates 
an infiammiitorj or embolic complication. The enlargement of the 
kidiicj ill chronic passive congestion is not sufficient to be deter- 
mined by palpation. 
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CHAPTER WII 


THE CENTRAL NERVOLS SYSTEM 

AiiPLE blood supplj 13 indispensable to the central nervous 
sjstem Expenracntal investigations long ago showed that inter- 
ruption of the blood flow through the brain quicklj results in 
stimulation or depression, the most conspicuous phenomena gen- 
erally being flue to these effects on the cortex or the v ital centers 
in the brain stem At first blush, therefore, it is surprising that 
nervous sjmptoms are not more conspicuous in the clinical picture 
of circulatory failure than is actually the case Presumably, the 
relative paucity of nervous symptoms until the late stages is cor- 
related with the supreme importance of the master organ of the 
body, mechanisms being available (pages 292 and 631) which serve 
to maintain tolerable circulation through the brain despite circula- 
tory failure which has made itself veiy evident m other parts of 
the organism 

Nevertheless, the central nervous system docs not escape alto- 
gether unscathed even m early circulatory failure It is possible 
that slow mg of cerebral blood flow plays some, though probably only 
an accessory rule in the pathogenesis of some instances of cardiac 
dyspnea (page 135) And when Cheyne^tokes breathing appears 
m circulatory failure, it is largely a result of the disturbed blood 
flow through the medulla (Chapter I\) However, the relatively 
unusual occurrence of Chey tic-Stokes breathing m uncomplicated 
circulatory insuilicicncy , and the late stage at which it appears, if 
at all, are m thcmselv ts ev idcnces of how well the circulation through 
the brain stem is maintained in circulatoiy failure 

In addition to these respiratory disturbances, which have already 
been considered, various other nervous symptoms may occur m 
circulatory failure 

1 Symptoms of cerebral ischemia due to sudden decrease m 
cardiac output, of which the classical example is the Stokes-Adams 
symdrome 

2 Psychoses and other mental manifestations occurring m 
protracted heart failure, and clearly a consequence of it, but of 
pathogenesis w Inch is not y et clear 

3 Svmptoms due to emboli onginating in the thrombi that so 
often form m the dilated chambers of the fading left heart or ov er 
an infarct or aneurysm of the left ventricle The cerebral emboh 
emanating from the vegetations of bacterial endocarditis are not 
correlated w ith heart failure 

18 
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4 IX\tlioncJirotic symptoms dut to the great effect that the 
consciousness of heart disease has on the psj die of manj mdiv iduals 

5 Cerebral sjniptoms due to the disease that causes the heart 
failure The most common example » the appearance of mental 
or other symptoms of ccrebril arteriosclerosis m patients with 
hjpertensne or artcnosclcrotic heart disease In such persons, 
I have several times observol that cardiac failure was followed 
b\ tlie appearance or CTaccrbation of cerebral sjmptoms, presum- 
ablv, the diminution in m a tergo intensified the circulatory dis- 
turbance m the brain due to the local arterial disease Chorea or 
other ccrebril manifestations of rheumatic fever maj, of course, 
iccoinpmj rheumatic heart disease, but it is extremelj rare for them 
to be conspicuous in the presence of cardiac failure In right heart 
failure secomhrj to pulmonaij disease, there roa> be somnolence 
due to anoxemia, which is largely the result of Itsions m the lungs 
(page 289) 

Ci Nervous sjrnptonis due to Uierapcutic agents, e g , morphine, 
anmiop]i>Ilin, caffein, and digitalis (page 725 ) The development of 
psvchoscs during the resorption of oJema will be mention^ below 

Dcforc describing these clinical pictures, a few words on the 
direct cffc'cts of venous stasis on the central nervous sjstem may 
not be out of place 

ANATOMICAL HNDIKOS IN THE BRAIN IN RIGHT HEART 
FAILURE 

III passive congestion, the brain is voluminous and fills out the 
dura The veins of the brain nnd pia arc engorged The latter 
form a closcl) meshed, dark blue network /\s a result of the dis- 
tention of the intracerebral veins, numerous large blood points 
appear when the brain is sectioned and rapidlj refill when washed 
olf However, it is not alwajs easy to judge of the mtravital 
blood content of the cerebral vessels from the postmortem appear- 
ance If the necropsy of the thoracic organs is carried out before 
the skull IS opened, the mtracrinnl veins tend to emptj On the 
otlicr hind, if the cidavcr lies with tlie head down, the vessels of 
tlve depewlewt parts oC the mcnitigca and. bram. become engorged 
Intense engorgement of the intracranial vessels is the rule m asphyx- 
lal death, whatever the antecedent condition 

The leptomcninges are often thickened and edematous m chronic 
passive congestion The bram is large and heavy If there is 
much edema, it is very soft On secUon, the edema is revealed by 
the moist surface and by the fact that the blood points due to the 
severed veins quicklv flow away m the edema fluid Rarely, tlie 
edema is so marked that the convolutions are flattened The 
engorged brain substance may be bluish or browmsb-red Various 
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histological changes ha\e been described in the ganglion cells, the 
medullaiy sheaths, and the axis cjhnders of the engorged and 
edematous brain (Kauffmann'*) 

THE CEREBEOSPINAL FLUID IN CIECULATORY FAILURE 

Elevation of pressure in the intracranial veins immediatelj 
results m rise in tension of the cerebrospinal fluid This is well 
illustrated by the familiar Queckenstedt maneuver, in which com- 
pression of the jugular v eins is followed by increase in subarachnoid 
pressure Since the latter returns to normal as soon as jugular 
compression is discontinued, the nse is obviously due to engorgement 
of the intracranial tributaries of these veins High pressure of the 
cerebrospinal fluid also results from compression of the superior 
V ena cava by mediastinal masses 

In view of these facts, it is not surprising that high v enous pressure 
due to right heart failure results m elevation of the tension of the 
cerebrospinal fluid (Tzanck and Renault,** Harrison") Tnedfeld 
and Fishberg*® found that as the venous pressure rises in right heart 
failure, the pressure of the cerebrospinal fluid also mounts to such 
an extent that it is higher than the venous pressure The result 
IS that m patients w ith venous pressure of ov cr 30 cm of water, 
the pressure of the cerebrospinal fluid may exceed 45 cm of water 
^Vhen the v enous pressure falls during recov ery , the cerebrospinal 
pressure also drops However, there is usually a lag after the 
venous pressure has returned to normal levels before the intraspmal 
pressure drops to its usual height This lag is probably due to 
the fact that the rise in cerebrospinal pressure results not only from 
engorgement of the intracranial veins but also, to a lesser extent, 
from edematous swelling of the brain Fnedfeld and Fishberg 
found no evidence of any considerable increase m the volume of 
the cerebrospinal fluid m patients with high intraspmal pressure 
due to heart failure Despite the fact that the tension of the 
cerebrospinal fluid often exceeds 30 or even 40 cm of water m right 
heart failure, the characteristic symptoms of increased intracranial 
pressure and papiWedema do not appear Fnedleld and the writer 
found no correlation between headaches in cardiac patients and the 
height of the intraspmal pressure 

In left heart failure with normal venous pressure, the tension of 
the cerebrospinal fluid is normal In peripheral circulatory failure 
(shock) with Its low venous pressure, the intraspmal tension is low 

SYMPTOMS DUE TO FAROXYS&IAL CEREBRAL ISCHEMIA 

It IS possible that the mabihty to concentrate, ready fatigue 
during intellectual tasks, forgetfulness, and other mental symptoms 
which arc among the banal complaints of intelligent cardiac patients 
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arc at least partially attributable to dimiijution id blood flow 
through the brain Hotte\cr,thatsuchisactualIj the pathogenesis 
of these sjmptoins is not established, they also occur in \ar 10 u 3 
conditions in which the circulation is unimpaired It is only when 
transitory episodes of ilimmution iii cardiac output occur tiiat the 
sj mptoins of diminished blood flow through the brain are clear cut 
Indeed because of Uic great sensiUv cncss of the brain to diminution 
in blood flow, the cerebral s>n)pton]s inaj be tlie only subjective 
manifestations of transitory decrease in cardiac output 

The symptoms resulting from paroxysmal decrease m the output 
of the left xcntnclc Niry naturally in accord w ith the degree and 
duration of the diminution in canhac accomplishment On the 
Ollier hand the cerebral symptoms may be brought on not by 
paroxysmal diminution m the cfiicicncy of the heart but by sudden 
increase in the work necessary to maintain the cerebral circulation 
It 13 for this reason that the milder cerebral sy niptoms arc especially 
apt to occur when the piticiit suddenh stands up • starts to walk 
becomes excited Ob\iousK cerebral arteriosclerosis renders the 
brain a loan minorn rcsisUnUT m the circulation which would 
seem to be the reason that tl>c«« symptoms are most common when 
heart failure ccnixists with arterial discavi 

Often the mildest episodes arc elicited only b\ specific question 
mg They are X anously described as momentary faintness weak 
ness giddiness black oc fog before the eyes a sensation that tlic 
floor is falling away etc The bystander ma^ note ti sudden pallor 
of the face and tho patient may stop m the imdst of a conversation 
or stagger to pre\ ent himself from falling he grasps some object 
or sits down and the incident is oxer In other instances the 
cerebral eclipse lasts longer the consciousness may be lost either 
momentarily or for sex era! minutes Occasionally the patient falls 
and may injure himself 1 ocal cerebral phenomena such as 
describe!] by Dames’ in paroxysmal tachycardia (page 2S2) occur 
on rare occasions 

WTien the cerebral anemia is more complete or more protracted 
apoplectiform or epileptiform seizures max occur While they may 
result from any of the causes of cerebral anemia described below 
they are so rare apart from the Stokes Adams sj iidrome that they 
xxill be descnlied m connection xvitli the latter In the days xxhen 
copious blood letting was m fax or such attacks were not rare as 
a result of the cerebral anemia thus mduccil 

The clinical conditions in which circulatory failure may induce 
paroxy smal cerebral ischemia are the following 


• On« of tha Stokes » or einsi pa enU w Stokes-Ad^s synd omi 
the attack when the premonitory symptoina tad appeared by gettmg 
and kneea w th hi* head down 


could a ert 
n his hands 
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Heart Block —The Stokcs>\dains sjndrome furnishes tlie out 
standing example of paroxj sinal cerebral ischemia due to diminution 
m the output of the left ventricle This sjndrome is most often 
due to organic lesions of the bundle of His vvith resultant impair- 
ment of conduction and slowing of the ventncles However there 
are also very rare instances of the sjndrome of apoplectiform or 
epileptiform seizures accompanying slow pulse which are not the 
result of structural alterations in the heart but due to changes in 
tlie brain which stimulate the xagus and thus inhibit the heart 
sufficiently to jirodute symptoms of cerebral ischemia these cases 
will be discussed in connection with vagal inhibition 
It is to be emphasized that the full blown Stokes -Vdams syn 
drome with convulsions is a rarity and many patients with complete 
heart block live for years and decades without experiencing such 
seizures llic stroke volume is increased sufficiently to maintain 
tlie minute volume of the heart at a level despite the slow rate 
sufficient to avert cerebral ischemia Lleetrocardiognphic mvesti 
gallons hav c show ii that the actual Stokes Vdains attacks m patients 
with heart block arc precipitated hv one of two mechanisms 
1 ^^]lat seems to be much tlic more common mechanism is a 
decrease in the ventricular rate below that present between attacks 
and which attains ventricular standstill of longer or shorter dura 
tion Such episodes of ventricular standstill are most common m 
heart block of re'cent inception at which period the degree of block 
commonh fluctuates \\1ien the block suddenly becomes much 
more severe or complete an interval inav elapse before the part 
of the ventricle with the most highly developed automaticitv 
starts to function as the ventricular pacemaker and at first the 
resultant idioventricular rhythm may be verv slow It seems to 
be during this period that the Stokes Adams attacks are most apt 
to occur After the heart block has become stabilized and the 
ventricular rate vanes little over long periods episodes due to 
cerebral ischemia are rarities 1 he cause of the transitorv increase 
m the seventy of the aunculo-vcntneular block which often leads 
to the paroxysm is not clear In some instances the attack is 
precexled by a pulse rate unusually higli for the patient and it is 
possible that tins increased task cxliausts the alreadv depressed 
bundle with the result that it no longer functions until it has had 
a sufficient rest period But in many cases there is no such pre- 
liminary increase m rate It is pO!>3ible tiiough purely hypothetical 
that the actual Stokes Adams seizures lu patients with heart block 
due to organic lesions of the bundle t f His result from reflex v aga! 
mhibitioii Indeed Aaquez and bsmein*^ consider that the reason 
Stokes Adams attacks are more common m the early stages of heart 
block IS that at this period paroxysmal vagal inhibition inav come 
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luto plaj, ^vllllc later the lesion is so complete as to shelter tlie 
\entritle from the va^ua 

2 Jlutli more rartl> the Stokes- \dam3 attack results from 
paroKjsmal ventricular fihnllatioii m a patient with heart block 
A number of such cases have littu reported since the pioneer 
observation of Kerr and Bender" and I have observed one 'llie 
patient observed by Schwartz and Jezer”— to whose paper the 
reader is referred for a detailed study of the subject— over a period 
of four inuntlia had dadj attacks of btokes \dain3 sjndrome due 
to paroxjsm d ventneular fibrillation and on one daj had no less 
than 207 periods of uneoiisciousntas When the ventricles are 
hbnllatiiig their output is iniiiiniak io that no pulse can be felt 
and cerebral ischemia results In tlie patient studied b> Schwartz 
and lezer, as well os in inj uliservation no heart sounds could 
be heard during the period of ventricular fibrillation so that suth 
attacks can he diircrcntiated from those due to v entncular standstill 
onl^ bv tlie clcxtrocardiograin 

T he nature of tlie svmptoms m a Stokes \dams itUck naturally 
depends on the duration of the cerebral i»chcmia When tlie vcn« 
trick stops for five seconds or less there is usually only faintness 
and vertigo Mackenzie'* observed in one patient that when the 
ventricular standstill lasted ten seconds there was unconsciousness 
wink stoppage of seventeen seconls was followed convulsions 
In Schwartz and Jezer s patient with parux>sroal ventricular fibril 
latioii, momentary loss of consciousness occurred when the pulse 
stopped for between eight and ten seconds and convulsions devcl 
oped w hell the pulse disappeared for at least tw enty seconds 

In tlie mildest btokes Warns attacks due to brief stoppage of the 
ventricles, the symptoms are those described above (page 277) as 
characteristic of transitory cerebral ischemia and retov ery is almost 
immediate But if the stoppage >3 longer Uie piticnt falls uncon 
scious and luaj sutler injury At first the faa is of cadav enc pallor 
—the rapiditj of the blanching in previously ruddy individuals is 
sometimes remirkable— but then graduallj becomes more and 
more cjanotie until it maj be dark purple ihc veins in die 
neek swell mightily The respiration is often stertorous like in 

rebrnl hemorrhage and Clicjne-Stokes brcaUiing mav develop 
Ihcre 13 sometimes conjugate deviation and I have elicited the 
Babinski sign during the attack Unne and feces maj be passed 
involuntarily If the ventricle does not start to beat the convml 
sive phenomena ajipcar The bodi stiffens and the muscles of 
the face and neck begin to twitch Then tonic and clonic convul 
sions implicate die upper extremities and maj become generalized 
Sometimes the patient foams at the mouth like an epileptic Such 
an attack may last from thirty seconds to several miiiutts the 
longer seizures being rare Es^iecially in the more protracted 
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attutk'i tliL cxtrtmitus hrcuiiit cold and tlie }>1 m moist Deith 
Jij till, btokcs- \<l UJi*! St ndrumc is usualh sudden before tiie pbj si 
Clin i ui re leli llie patient and if one finds the suirerer still alne 
It 13 liifchh prohdile tint he Hill survive the pnrtiinlir ittick 
Some patients j,tt over inanj attacks in exception il uistanees over 
periods of more tliaii tin Mirs JJarrisoii'* his pomteii out that 
the teiiduiev of individnila with lieirt block to develop eardiac 
f iilurevvith pulmoinrv or svstiinie venous tngorReineiit i3 dteiilellv 
Iiss thin thvt of iKraons with etiologicillv siimlir forms of lieirt 
dist 1 st but no slow ng of the poise (pi/.t Ji5) 

After the pirowsm rccoverv is usinllv riptd and there are no 
residual piraljses the littir bciiig one of tlie eli incteristies h\ 
whicli the attaeka were ongiiiaUv diiferenti vtial from those of 
biiiguiiHoiis ijDjiluxv Ifovvcvir in excejitu nal eases the patient 
remains in a slnneoInatu^e state ft r is much is tHintj four hours 
ifter the convulsions luve stoppeil lUpeated aftacJvs at sliort 
intervals leave tlie sufferer verv weak Harclv mcntil ditenora 
tion de\ clops w Inch is probahlv ittributablc to the cerebral arteno 
sclerosis that is (ireseiit m most luitunts with artiriosclerotic heart 
hloek 

Paiox;smal Tachycardu and Other Disturbances of Khythm — 
In some attacks of paroxvsind tachvcardii the filling mil output 
of the he irt are greativ rciluccil (pij^eblJ) Nforeoivcr thedecrcase 
m cardiac outiiut oicuri abruptlv which nnv well be an aceessorj 
fictor in the relitivc freepienev with vvhith svmptoms of eerebril 
ischemia occur iii this disonler of the meehani«m of the heart 
Afost often these txftbnl sv iiiptoiiis co/istst in only transitory 
fnntiiess or vertigo at the onset of the parowsin But m otlier 
eases the evidences of delieieiit IiIoimI supph to the brain are more 
pronouiurtl lluis Uiriies* found that m 15 of 101 instances of 
piro-nsiinl tachycirdia there were such ttrcbnl in inifestations as 
Vertigo hemiiuopsia teiiiponrv blindness fainting falling with 
or without loss of coiisciousiKss and cpilcptiforin sunircs He 
observed tint such episixles were partuulirlj apt to occur m the 
prcsciiee of cerebral arteriosclerosis llie cireulitorv failure due 
to paroxv sm d rapi I heart action uiav result in quick dt ath (lilaci 
ford and illius’) 

bimilar cerebral mamfestutions nnv occur it tlie onset of auricular 
flutter or fibrillation In flutter they are espccialh apt to occur 
in the rare instances m nbicli atiriculo-vemricul ir block is absent 
or of low gride and the luncuhr and ventricular rates are equal 
Iluns of extrasv stoics sometimes prcduce vertigo or faintness 
Indeeil James'* anil olliers have described instances in which salvos 
of premature contractions produced convulsive seizures simulating 
the Stokes Adams syndrome 
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Left or Eight Ventncular Failure —In patients suffering from left 
\ entncular strain as a result of h\pertension, aortic \ al\*ular defects, 
or coronai> artery disease, the failure of the left ventricle may be 
documented b> sjinptoms of cerebral ischemia This is probably 
the mechanism of the \ ertigo and sj ncope that are quite common 
in uidividuals with aortic valvular defects In coronary thrombosis, 
the acute and severe left ventricular failure not uncommonly results 
m syncope, vertigo or other manifestations of cerebral ischemia 
Indeed, on rare occasions the cerebral symptoms dominate the onset 
of rojocardial infarction I recently saw a man, agetl twenty-nine 
years, who fell unconscious while at work, and the diagnosis of 
coronary thrombosis could not be definitely established until the 
electrocardiogram was seen When left ventricular failure pro- 
duces cardiac asthma with or without manifest pulmonary edema, 
there may be sy mptoms of cerebral ischemia, but these are usually 
overshadowed by the more conspicuous pulmonary manifestations 
However, Dumas® has published such cases in which pulmonary 
edema was accompanied by syncope, coma, or convulsions, I have 
seen similar instances He mentions cases of acute left ventncular 
failure m which the cerebral symptoms so predominated in the 
clinical picture that the xnira ttlam. diagnosis w as cerebral vascular 
accident, and the pulmonary edema was first discovered at necropsy 

Acute nghi xentricular failure due to pulmonary embolism mav 
result in syncope or other consequences of inadequate cerebral 
blood flow 

Vagal Inhi bition — Overactivity of the vagus may so inhibit the 
heart and dimmish its output as to produce symptoms of cerebral 
ischemia -^mong the clinical conditions in which this occurs are 
the carotid sinus sviidrome, neurocirculatory asthenia, some forms 
of oi^anic heart disease, under the influence of digitalis, and in the 
neurogenic form of the Stokes-\dams syndrome 

The Carotid Smus Syndrome —In a classical scries of investigations, 
Weiss“ and his associates have demonstrated that there exist 
st ites of pathological hypersensitivitv of the carotid sinus which are 
responsible through reflex mechanisms for attacks of vertigo, 
sy ncope and ev en conv ulsions Proof that these cerebral s\ mptoms 
are due to a hvperscnsitive carotid sinus is obtained through repro- 
duction of the clinical picture by pressure on the carotid sinus 
Weiss was able to abolish the attacks by surgical denervation or 
anesthetization with procaine of the carotid smus Weiss and lus 
co-worktrs find that, depending on which efferent patliwav of the 
carotid sriuis refltv arc is prmctpiUv tnvohotl, carotid sinus jryncope, 
as thev term it cm be brought by thm; mechanisms, acting smglv 
or in combination 

1 The zagal type, m which cerebral ischemia ri^ults from slowing 
of the heart due to vagal inhibition of the smus node or depression 
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or aunculo-^cllt^lcul ir conduction mIiicH usually ittania complete 
block for at least a few beats iltc administration of utropine or 
cpinepbnn ubulishesthe attack, thefonner acts b> preventing\agal 
uilubition the latter bj stimulating tlic a cntncics 
2 The diprcssor type m which ccrcbril blood flow is diminished 
as u result of the fall in arterial pressure produced b^ reflex vaso 
dilatation reflcxly mediated through the aortic depressor ue^^es 
Atropine has no effect on the attacks because the\ are not due to 
\agai sIqvmwjs Uwt tUe> tetittuuted Uj, the vasv>ewwst\elvow cr{ 
tpiiuphriu WtJss found tJm type \cry rare 

} 1 he cerebral tyi e due to neither slowing of the heart nor fall m 
irterial pressure, rtlie\cd by neither atropine nor cpineplirin and 
perhaps to be uttributeal to reflex cerebral \ isoconstnctiou or stim 
ulation of \ cgetatiN e centers 

lor further details rigurding tlie carotid sinus s\ndrome a con 
dition not unc-oiniiionly o\crlookcal the reader is referred to the 
abo\eMneutioneHl p ipers t>f Wuss 
Keurocirculatory Astbeoia —1 pisodcs of giddiness or svneope are 
frexiucnt m indiNiduds of the (onstitutioiul t\])e which is prone 
to manifest itself ns what Opjicnheiiucr^ Urmc'd ncurocircui itory 
nsthenit and I/iwis'* the effort s\ndrome this clinicd conception 
probabh includes what Fppingcr and llcss* regarded os \ago- 
tonis u functional dtsturmince of the autonomic nervous svstem 
which hartlly exists in uncomplicated form The attacks arc not 
all brought on througii the some mexh uusm In some and tins 
includes u large mijonty of the instances tlmt I have seen the 
pulse IS not slowed sliuwing that tlicv arc not due to vagal pre- 
dominanc-e Often a fall in blood pressure indicates that peripheral 
V asodilatation may be responsible for deficient blood supply to the 
brain and consequent faintness niid other svinptoms of cerebral 
iscliemu In contrast to these attacks persons with ncurocircula 
torv isthema m ly also suffer episodes of giddiness or sy ncope or 
rarely even twitchmgs or convulsions during which the pulse is 
very slow and may indeed be impalpable for several seconds Such 
seizures evidently result from vagal inhibition of the heart Cotton 
and Lewis* made a careful study of tlicse attacks which tliey 
brought on by the act of drawing blood Ihis resulted in slowing 
of the heart and fall in bloo<I pressure I he methmism of the 
attacks was vagil inhibition of the whole heirt the electrocardio- 
gram revealing siiio-auritular block llic vagal origin of the 
episodes was further confirmed by the fact that thev were relieved 
by atropine In individuals who are subject to such seizures thev 
can often be evoked by pressure on the carotid sinus or eveball 
Orgamc Heart Oise&sa and the Influence of Digitalis — It has long 
been known that m organic cardiac disease the heart is often espe 
daily susceptible to vagal inhibition Robinson and Draper** 
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found that Jn auricular fibrillation pressure on the right carotid 
sinus usuallj causes marked slouing or stoppage of the ventricles 
By the same procedure in children the^ were sointtiraes abk to 
produce complete auriculo-ventneular dissociation Mackenzie-® 
observed an individual with rheumatic heart disease in whom 
swallowing doubtless through a vagal reflex probably initiattHl b) 
1 hvpersensitive carotid sinus produced trinsitorj lunculo-ven 
tricular block Ihe susccptibilitv of the bundle of Ills to vagal 
inhibition is cspt*cialli ^reat when its conductivitv is alreadv 
deprc*sscd bj disease bj digitalis or bj experimental injurv 
under such circumstances vngd stimulation mav convert partial 
into complete auriculo-ventneular block which can again be 
removed bj the administration of atropine Patients with ectopic 
rhythms are sometimes strikinglv susceptible to vagal inhibition 
a phenomenon w Inch occasionally stands the phv sician in good stead 
w hen he is able to restore normal rhj thin bv ]>ressure on the carotid 
sums or eveball Indeed the sensitivity to vagal inhibition mav 
be d ingerouslv great I recently witnessed a most disagreeable 
episode in a woman with auricular flutter ni whom ocular pressure 
rt'sulted m disappearance of the pulse for fifteen seconds with 
complete unconsciousae*ss of ibout two minutes duration Ihe 
frequent hvpersusccptibihty of the discaseal heart to vagal mhibi 
tion IS probablv at the root of some of the spontineuus episodes of 
svneope that occur in individuals with cardiac disease An exqui 
site eximplt w is published by ^\edd ind \\ilson* who observed 
a person with permanent nodal rhvthm in whom psvchic influences 
elicited episodes of cardiac standstill or extreme bradvcardia with 
coiisex-utiv e cerebral phenomena the cudiac stunlstill was the 
result of vagal ovcractivitv being prevented by atropine 

Marked slowing of the lieart is often produced by carotid sinus or 
ocul ir pressure iii indiv idu ds under the influence of digitalis On 
page 694 it will be seen that there is evidence that digitalis has a 
direct sensitizing action on the carotid sinus Weiss sugge*sts tint 
the sensitizing action of digitalis on the carotid sinus is sometimes 
concerned lu tl e provluetion of cerebral s\ mptoins 

The Neurogenic Form of the Stokes- Adams Syndrome — Ihe ques 
tion has been rcpeatedlv dtscus^cd whether lesions in the brain or 
along the course of the iitrv es regubtiiig the iction of the heart can 
proiluta, through the intermeiliacv of vagal inhibition of the heart 
the clmical picture of the Stokvs-Adama syndrome i e slow pulse 
with npopk'ctiforin or epileptiform seizures In one of the original 
cases of Morgigni ** who observcal the svndrome before Adams he 
detected no e-onsiderable cardiac lesions and because of the presence 
of peripheral irteriosclerosis attributed the chmeal phenomena to 
cerebral arteriosclerosis Inasmuch is this was before the davs of 
histologv and Morgagni did not even open the skull no significance 
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c m be attnchal to the claim utlicr tlmt the heart was intact or that 
a ccrtbril Itsjon was prcM.nt Since then ho^\e\er a number of 
tasM have ptibliiheti «i nlucii tumors orotfier masses m the 
ntek ailjictnt to tlie cirotid sinus liavc bttn aetompanied by 
attacks— coming on cither &i>ontnntoubly or induced bj pressure- 
consisting of slow pulse and ipopltctifurm or epileptiform seizures 
ilicrc h i\c. also been t isu though tlicsc are not as clear cut m 
which tumors \ inccs xiid other lesions in the vicinitj of tlie vagal 
nuclei in the bulb Invt betn accoiniwnic'd b> the same clinical 
picture (lor cisuistic references sec ^^cnckehach and AVinter 
berg’* and Kaliler’*) Ihe best studied case of such neurogenic 
btokes \daiiia syndrome is that reported bj Ueiss and lerris” 
HI which fniiting ittacks of ten \ears duration usually incited bj 
swallowing were associated with a dncrticulum of the esophagus 
Distention of the csophigus with a rubber balloon rcprixluccal the 
atticks which were found to be uicthatctl bj complete aunculo- 
ventricular block iiid could be preventcil bj itropine In mother 
else reported b> ilium and Khiiu* btokes- \dams attveks were 
ilso incitesl bj sw illowmg and couhl be rejiroduccd bv pressure 
on the piriform sums and aliolishexi b> anesthetization of the 
lir^nx here the elccirocardiogrim showed the mechanism of the 
attacks to be bradv cardi i due to sino' lunculur block 
In all the c^cs of neurogenic Slokes-Adams sjndronie reported 
the uuricu)o>v eiuricutar dissociation has been intermittent complete 
block m m in is apparentl> alnavs due to a change in the bundle of 
Ills anl is not soicl> the result of vagal inhibition This is not 
surprising for experimental Umlings show that the heart always 
escapes before vcr> long after the effects of vagal stimulation 
However is lias betn seen above vagal mliibition can produce 
trmsitor> nnpurmciit of eonduction e peciallv when the bundle 
IS alri idi dam igexl and inaj thus precipitate some of the cerebral 
episodes that occur m the course of cartliac disease 
Postural Hypotension.— I iiuting or other svmptoras of deficient 
cerebnl blood How mvy occur when an individual with postural 
li>potenj.ion arises I’osturil h\|>otension is a condition in which 
the normal \ isoconstriction does not occur when the subject stands 
up the result IS stagnation of blood m the dependent parts deficient 
venous return to the lieart and corre pondinglv decreased cardiac 
output Lxquisite examples of postural hypotension are seen fol 
lowing spl inclmic section for the treatment of hypertension (Allen 
and \dson‘) as well as in some cases of tabes dorsdis and other dis- 
ciscs of the ceutril nervous svstem (cf Ellis and Haynes’) in 
other instances the etiology is obscure 
Shock —In traumatic hemorrhagic postoperative and other 
varieties of shock sj rapt oins of cerebral ischemia are verv common. 
The deficient blood supply to the brain is one of the manifestations 
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of the decreased cardiac output rcsultuig from the peripheral cir 
culatorv failure T.he low artcrid pressure is espetiallj di&advan 
tagtous for the cerebral circulation m the crc-ct posture It is for this 
raison tint tlie cerebral snuptoins of shock are often allcMatexl 
when the head is kept low ihe most common cerebral mamfts- 
t ition of shock IS sj ncope On rare occasions epileptiform con 
vulsions and such focil cerebral symptoms is amaurosis with 
intact pupillarj rcflexc^s occur is I once saw in a patient with 
se\tre postp irtum hemorrhage 

PSYCHOSES AND OTHER MENTAL SYMPTOMS DUE TO 
CIRCULATORY FAILURE 

In the course of circul itorj failure \ arious mental s> mptoms 
may occur Most often these are defioitelv psychoneurotic in 
nature (page 2S9) But in other cases the psjchic manifestations 
are evidently a result of the circulatorj disturbance in the brain 
Such mental sj mptoms occur most often in protracted heart failure 
ind in their seyere forms almost alwijs m the clderl> The 
pubhshc'd obsery ations seem to indicate tint fern ties are more often 
affected Man> < f the p itients liaye yycll marked cerebral irteno 
sclerosis but in the cases in question this Ins not ciused cyident 
mental changes until the circul ition tlirough the bniii is further 
impaircHl by the supers ention of cardiac weakness Ihc appear 
mice of psychoses during improycment and dehydration will be 
mentioncHl below asstninno" has found that severe mental 
disturbances in heart failure arc \er> often associated with Chejnc'- 
Stokes bre ithing the explanation may be tint tins form of respira 
tion IS especially common m those with ccrebnl arteriosclerosis 
It yyould seem probable that cerebral eongestiou and edema as 
well IS IoUq standing mcre.ise m cerebrospinal pressure may be 
concirned m the production of the mental sy mptoms of heart failure 
However I nm not acquamte'd with any investigation of the ana 
tomical changes in the brims of such patients 

Insomnia vs a aery covnmovv complaint ol patients witiv heart 
f ulure Its direct relation to the latter can often be demonstrated 
bv the nnprov cd sleep as compensation is restored It is a symp- 
tom that should be taken very seriously m a patient who has not 
previously sufferctl from it for on a number of occasions I have 
observ ed sleeplessness to be an early warning especially in arterio- 
sclerotic heart disease of a turn for tlic vv orse In the late stages 
of heart failure insomnia may be one of tbe most difficult sy mptoms 
to control 

Bad dreanw are often a torture to the patient with heart failure 
Indeed 1 have several times beard mghtmarcs designated as the 
worst of the patients tribulations lie often awakens terrorized 
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bj tht drcnm and sc\crtH d\spiicic, not uncominonl\ dreams are 
mcrmmntcd bj the pitant as the cau‘«e of attacks of cavdwc 
abthnn Tlic iufftrer iin\ be ifrud to {,0 to sleep because of his 
dread of a ni(,Jitmirc llie great rise 111 blood pressure which 
MacWilliain** has shown to atcoinpin} uiipleisint dreams doubt 
less affects tht dista ed heart iiiifuoriblv It is possible that 
sudden death during sleep m patients with licirt disease is some- 
times due to this cause WiUi iiiipro\ ement ni eouipcnsation the 
disturbing dre inis j,tneralli disappear 

1 ransitorN illusuma and halluctnahana ire more cormnon m lieart 
failure than is gtntralK appreciutexl U He id'* lon^, ago pointed 
out the> must be ehcitctl b\ careful uid seinpithctic questioning 
for most individuals lio not reidih disclose them because of the 
fcir of being considcreil crazv Tltev ire most often nocturnal 
and luvoKe either sight or heiring the victim imagines he sees 
stringc jitrsons or figures aroumi the bed or hears peculiar con 
vers.ition or noises Usuallv he soon realizes tint thev have no 
basis in rcalitv ami iloes not luentiou them unless juilicioush ques- 
tionesl In his el issieal studies ou referred p tin m v isccrul disease 
Head ilso dcscrihesl these mciit d phenomena m Iieart disease in a 
state of tohrdilc euuipcnsatioii lit found tint ihe^ were asso 
eiatc'd with rcferroil pain and InJicvcii tliut thev arc the result of 
tlie effect of the latter ou the brim However thev also occur 
in patients with heart failure who have tvpencnccd no pain and 
the eliiiical course indicates tli it tliev art a result of the circulatory 
insuflicicncv and iiiipruve with the latter 
Not uncomraotilv patients with heart failure are irritable and 
pugnacious and niav have minor delusions of per ecution On 
rare occasions severe pxi/iloaea result from heart failure Rom 
berg*‘ observed such severe psvciioscs m Id of 1200 patients who 
cntcreal the chmc because of chronic heart disease all were over 
thirtv five >eirs ami the raajontv were women Thev occur in 
verj severe heart failure which usually terminates fatillj walhm 
a few weeks or mouths after the development of tlio psvchosis the 
latter through the aetivitv induced and the interference with rest 
and sleep often caerciscs a bad elTeet on tlie heart Nevertheless 
as \ baae lepsaledlv stew tlv«« wtw KVitawces, oC severe cardiac 
psvehobis in which the patient improves so much as to leave the 
hospital on foot I ichhorst* observ eti sev eral evainples of psv chosis 
developing during the absorption of cardiic edema as a result of 
treatment vvitli digitalis and tlicobromme sodium salicjlate the 
psjebo^'s clearing up when the edema was gone and the poljuna 
had ceased live psvcliosia wav not due to the medication for it 
iraprov ed despite the continuance of Uie latter Poll and btern** 
observed mental svmptoins among tlie untovard consequences 
of excessive mercurial diuresis I have several times observed 
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psicho&es following copious mercurial diuresis in cardiac patients 
which cleared up completeK In fact most of the so-called cardiac 
psj choscs tliat I h'i\eseen have been in elderly indiMduals in whom 
treatment with digitalis mcrcunil diuretics and fluid and salt 
restriction had resulted in ibsorption of edema and diminution of 
other objcctuc evidences of heart failure Despite these evidences 
of improvement the patients were actually worse being both 
cachectic and psychotic In several such instances the plasma 
chloride content was subnormil and improvement followed the 
cessation of digitalis and diuretics and the administration of con 
siderable amounts of water and sodium chloride I believe that m 
these cases the thcrapj had resulted in dchjdration and depletion 
of sodium chloride since the introduction of the mercurial diuretics 
such examples of dchv dration as i result of successful treatment 
of heart failure are it has seemed to me not rare 

The content of the cardiac psjchoscs is almost alvvajs depressive 
m nature The patient suffers from delusions of persecution he 
thinks hi3 relatives iro deserting him the doctors and nurses arc 
against him and the ordtrl> will not bring the bed pan He refuses 
food and medication Icrnfving hallucinations cause him to 
scream out in terror Periods of muttering delirium alternate with 
relative clantv At times he is somnolent on other occasions 
wildiv excited anil maniacal Restraint is required and the patient 
cannot be kept in the general ward I have several times known 
suicide If the delirium continues the manifestations of heart 
failure are aggrav ated the pitient sinks into coma and the scene 
IS closed 1 hat even severe psjchoscs of this maj be survived 
though very exccptionallv was mentioned above 

Somnolence i;i Chronic Inojcemta peculiar mental state occurs 
m some chromcallv cvanotic patients with right heart failure 
secondaiy to pulmonarj disease notablj m the rare cases of pul 
monary endarteritis ( black cardiacs page o44) though I have 
seen It sever il times m the cmphjscina heart These patients maj 
lie in a somnolent or stuporous state for weeks at a time being 
aw akenctl w ith more or Icss difficultj The somnolence is ev identlj 
a result of inoxcniia for it raaj be alleviated in the oxjgen tent 

PSTCHONEUROTIC SYMPTOMS AND HEART FAILURE 

Con'iciousncss of disease of the heart be it real or fancied ter 
rorizes manv people hrom childhood on thev have thought of 
the heirt as the mainspring of life and disease of the organ as 
inevitablj fatal (some of the ancients did not admit the posaibihtj 
of disease of the heart regartling it as incompatible with life) 
Lspeciallv di:}quieting is the universal knowledge that heart disease 
mav cause sudden death vv hile the subject is feeling in perfect health 
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It ts tliere/ore not surprising that patients h ith organic heart disease 
not to speak of the cardmqws itoQQtnaiTes often suffer from symp- 
toms of psychoncurotic origin These ■symptoms horn of the mind 
may be commingled with comphmts of organic origin and often 
It IS a wise physician who can separate tlic two in a patient with 
actual cardiac lesions The difficulty is due to the fact that Uiese 

functional complamta may include palpitation shortness of 
bre itJi prccordial pam and hyperesthesia constriction of the neck 
and chut, in otlicr words the \cry complaints th it could emanate 
from the structural changes in the heart or coronary arteries that 
ire present. Often the separation of the organic and psycho- 
neurotic elements in the clinical picture can be accomplished only 
after the physician has studicil the patient for some time and Ins 
acquired an understanding of his personalitv No greater harm 
can be done many patients than bv treating all their complaints 
as though they were of organic origin digitalis does not heal the 
mind On the other hand it inav be tragic not only to the patient 
but ilso (0 the physician to piss off complaints m too facile fashion 
as psychoneiirotic m origin roanv coronary thromboses have fol 
lowed in the wake of the scrdict that the complaints are due to 
neraoiisness 
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Gil VPTfcR Win 
COMPI NS\T10N 01 THE Hr\HT 

Slcu p ilholoRicdl cotulituins is stenosis or insufficiency o{ a 
^ iKc fimctioinl mipairment of the ravocJixhum or increased 
pcnplicn! resist ince tend of thcmscKcs to dimmish the volume 
of oirculition However it is jinmnnly the metabolic activity 
that detcnniiies the minute volume lor this reason one would 
anticipate a prion that the organism has at its disposal mechan 
istns which can he brought into play to counteract such impedi 
ments to llic circulation as those mentioned and thereby meet the 
circulilorv necils of the metabohsm of tJic moment The actual 
cMStciice of such cm iifcAonwme— the term compensation 

was mtrmluccd into circulatorv patliologv hy Traubc*’ m cornice 
tioii with canliic hvpcrtrophy -~is immediately indicated by banal 
facts of clinical observation Thus it is commonplace to encounter 
n bov with aortic insufiicicncy who is able to participate in athletics 
without feeling any handicap or a man with high blood pressure 
who has no dilBculty in working as a laborer 

The process of circitl itory compensation is accomplished m three 
general w ay s 

1 Through mechanisms tending to maintain the minute volume 
of circulation despite the valvular defect or other handicap These 
involve not onlv increased work on the part of one or more chambers 
of the heart but often in addition coordinated adaptations of the 
V csscls 

1 Through vasomotor mechanisms tending to deviate a higher 
proportion of the decreased canhac output to tlie active organs 

3 Through more efficient utilization of such volume of circula 
tion as can bt maintained T vamples are the more complete reduc- 
tion of hemoglobin m the capillaries (greater arteriovenous oxygen 
djlTcrcnce) as a result of the slowing of blood flow and the increased 
oxygen-earning capacity of the blood due to the polycythemia that 
develops m certain congenital and other forms of circulatory im 
pairmcnt 

The r'ilc of the heart m arculatory compensation will be con 
sidered first The cardiac compensatory mechanisms are three 
acceleration of beat dilatation and hypertrophy They are con 
sidered in this order because the first two can be brought into play 
immediately while hypertrophv becomes significant only after a 
considerable period of strain 
(292) 
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ACCELEBATION OF THE HEART* 

Acceleration of beat is one of the means by which the output of 
the heart is augmented. In health, it is exemplified by the remark- 
ably prompt increase in rate that accompanies exercise; in fact, 
Buchanan" found that the first diastole after the start of exercise 
is already shortened. When cardiac insufficiency is present, this is 
manifested, as a rule, by a given amount of exercise inv olv ing greater 
acceleration than when the heart is functionally competent. With 
severe heart failure, tachj cardia is necessary for maintaining even 
the basal circulation during sleep (Boas and Goldschmidt”). And 
when in disease the heart is called upon to keep up an abnormally 
great blood flow, the rate may be quickened e\ cn though the heart 
is functionally unimpaired; such is often the case in anemia and 
Graves’ disease. 

However, by no means every tachycardia is to be regarded as 
forming part of a regulatory mechanism. This is, of course, not 
true of auricular fibrillation, paroxysmal tachycardia, and other 
hctcrotopic accelerations, and of the rapid heart action that is so 
commonly' a inniufestation of psychoneuroscs. Often, indeed, the 
hetcrotopic tachycardias diminish cardiac output and precipitate 
heart failure in cases In which it was previously absent. The pres- 
ent section will not be concerned with these forms of rapid heart 
beat, but will be confined to a discussion of tachycardia as a com- 
pensatory mechanism and what little is known of the means through 
which It is called fortli. 

Relation of Output to Rate o! Heart.— The influence of accelera- 
tion in beat on the output of the heart v arics greatly at different 
rates. This is due primarily, as was emphasized by Henderson,*® to 
the fact that the velocity of filling of the ventricles is not uniform 
throughout diastole. From the point of view of the rate of filling, 
ventricular diastole may be divided into three periods: 

1. F-atly diastole oowstvtwtes a period of sapid filling, for at this 
time the functionally' competent ventricle contains only the small 
residuum remaining after the previous systole and its walls are 
relaxing, in consequence, the inflow from the auricle and veins 
meets with but minimal resistance. 

2. iVs a result of the rapid filling of early diastole, the intra- 
V cntricular pressure is clev ated and approaches the v enous pressure, 
so that filling becomes very slow. This b the period that Henderson 
tenned diastasis. 

* Most of our mformalioQ conccnuns the beArt rate has been den\cd from bncf 
individual oboervations Dou* has devised u ingenioxu instrument, the cnrdio* 
larhomcter. with which the heart r&te can be recorded over long periods and while 
the patient u exercising or sleeping For numerous obeervations made with the 
cardiotachometcr. the reader is referred to thomonograph of Boas and Goldschmidt '* 
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{ linallv \cnlricular {illinR is smldenly nccelcratcfl ind com 
pletcd bj aunciilar sj stole 'Hie quota contributed to \entricular 
hlling b> auricular systole IS discussetl on page 351 

llie consequences of tins unequal vclocitj of ventricular filling 
are as follows When the heart rate la slow changes m rate are 
almost cntirdj it the cvpen.se of the period of diastasis tlie altera 
tions in the duration of the carlv period of rapid filling as well as 
of uiriciilar and ventricular s3stolc seem to be comparatively 
insigmficiiit Since vcntricuhr filling during diastasis is raimmal 
the output of the heart up to a rate of about 80 heats per minute 
jsverv closclv proportion il to the rate At higher rates the earlv 
period of npid ventricular filling is cncroachal upon si that the 
output of the heart no longer increases pan passu with the rate but 
falls more in<l more behind it the faster the rate Iinally further 
increase m rate so dimmislus the period of rapid vcntncular filling 
that the oiitiiut decreases Wenckebach” further points out tliat 
at very rapid rates auricular systole starts before the termination 
of the preceding ventricular systole which also tends to dimmish 
canhae output 

One factor that militates somewhat against tins diminution in 
output at verv rapid rates is tlie shortening of systole found b\ 
Wiggers and Ivatz^* in tachycardia due to sy mpathetic stimulation 
and which h^s also been obscrvctl by Ivatz and Fell*' m clinical 
auricular fibrillation Tim shortening of systole allows more time 
for ventricular filling Katz and Fed believe the abbreviation of 
vciitrieulnr s\ stole m auricular fibrillation results from the decrease 
III initial intraventricular tension due to the absence of auricular 
svstolc Ilic sbortenmg of ventricular systole at very rapid rates 
allows more tunc for ventricular filling and thus tends to maintain 
the output On the oilier hand, the decreased ventricular filling 
and initial intraventricular tension due to tlie loss of the auricular 
quota of blood in auricular fibrillation works against increased out 
put from the more rapid rate 

I he I eight nf the renovs pressure has a very important mfluence 
on tlie relation of heart rate to output The higher the venous 
pressure the more rapidly the heart fills The result is tliat at high 
I enaiis pressures abbrevisUon of d/astole hy tachycardia as of less 
significance for the output of the heart than at lower venous ten 
sions Fachvcardia and venous engorgement tlius act synergisti 
cally III heart failure for the shortening of diastole due to the tachy 
cardia is to a certain extent atoned for by the rapid filling produced 
bv the increased venous pressure Quite probably it is the simul 
taneous elevation of venous pressure that enables the heart to 
maintain the high arterial tension observed ui exceptional episodes 
of paroxvsmal tachycardia On the other hand the low venous 
pressure m peripheral circulatory failure (shock) militates against 
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increase in cardiac output by the tachycardia that is generally 
present 

^Vhile acceleration m rate of the heart may thus fulfill a very 
important compensatory function, it rvould seem that it diminishes 
the mechanical efficiency of the heart This is indicated by the 
findings of Starling and Visschcr** on the heart-lung preparation of 
the dog Their observations of tlic oig^gen consumption at different 
rates shoned that the heart performs a given amount of work in a 
unit of time the more economically the slower the rate This 
decreased mechanical efficiency at high rates may be concerned m 
the pathogenesis of cardiac failure m paroxysmal tachycardia and 
other states of protracted acceleration 

Mechanism of Compensatory Tachycardia m Heart Failure — 
Little IS known of the means by which the failing heart is accelerated 
in the effort to maintain the volume of blood flow Acceleration 
of beat IS not an tnintuic adaptation of the heart to increased work, 
for m the heart lung preparation accommodation to increased 
arterial resistance or greater venous return is accomplished without 
any change m the rate of the heart It is not that the heart in 
such a preparation is unable to accelerate, for elevation in tern* 
perature is immediately followed by increase in rate These 
observations on the isolated heart indicate that extrinsic mechan- 
isms be they nervous or chemical, are involved in the production 
of compensatory tachycardia in heart failure Among the mechan- 
isms that may be concerned arc the Bambridgc and carotid sinu» 
reflexes 

The Bainbndge BeQex.— Bainbndgc* found that when he increased 
the venous return to the heart and with it the venous pressure by 
tlie injection of blood or salt solution, the heart was accelerated 
He provctl that tlie quickening of the heart beat is reflex m nature, 
for It docs not appear after section of the vagus and accelerator 
nerves His experiments showed that the acceleration of the heart 
13 chiefly due to diminution m vagus tone but partly also to increased 
accelerator tone Bainbndgc bclieveil that the reflex is initiated 
by impulses arising within the heart, the adequate stimulus of which 
is a rise in v enous pressure This v lew that tlie mechanical stimulus 
arising from increased v enous pressure reflexly accelerates the heart 
was supported by expenments of Sassa and Miyasaki They 
found that the distention of either auncle or of the inferior vena 
cava close to the heart with a balloon reflexly accelerates the heart 
On the other hand, De Graff and Sands** observed an increase in 
heart rate following saline infusion m only about 50 per cent of 
their animals Their other expenmenta! results also did not sup- 
port the V iLvv that the acceleration of the heart after saline infusion 
IS due to a vagal reflex from the distended veins and right auncle 
However, in their experiments with the innervated heart lung 
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preparation Vnrep anti Sc^jall* confirmed Bainbridge s finding that 
incrtascd venous rttiim rcflcxlj accelerates the rate and were able 
to show that the airercnt path of the reflav lies e\c]usivel> m the 
vagus But Vnrep an 1 Scgall often observe! the Bambridge reflex 
with onlj a nunuiial or even no nsc in venous pressure They 
therefore think that the receptor part of the reflex arc should be 
still left oiitn and it is premature to regard the venous pressure as 
being responsible for the reflex 

It would be ver^ temptmg to invoke the Bainbritlge reflex as 
the cau e of coinpcnsatorj tatlivcardn for in ever> instance of 
cardiac failure the tension in either the kft auricle and pulmonary 
veins or the right auricle and vena cava is mcreasetl And when 
the heart failure is compciiiatci! bv hjpcrtropliy so tliat the tension 
m the auricles and veins returns to normal the tachjeardia also 
disappears Itwoull indeed seem verj plausible that the same 
mccliaiiism wlutli accelerates the heart in the above-mentioned 
experiments witli increased venous return also functions m human 
lieart failure But m view of the uncertainty as to the nature of 
the B unhridgc reflex its role m human tac])>cardia must be left open 

The Carotid Sums and Aortic Reflexes —One of the most important 
me ms for the regulation of the heart rate and blood pressure consists 
in a reflex meclianism maintained in tome activ it> bv tlie mechanical 
stimulus of the blood pressure It lias long been known tiiat 
increase in aortic pressure slows the Jicart and lowers the blood 
pressure through nicchamcal stimulation of receptors situated m 
the arch of the aorta flic work of Dal> jii I Vernev** indicates 
that this reflex is initiated not oiiK b} nsc of pressure m the aorta 
but also witlim the heart itself IVirthcr Ilcrmg** has found that 
a sinular depressor reflex takes (ts origin in the ampulla like ddata 
tion (caroti 1 sinus) situatcil at the bifurcation of the common carotid 
arterv Ilie latter rJlcx is known as the carotid sinus reflex and 
Its adequate stimul is is the blooil pressure within the caroti I 
sinsiib the aifcrciit arc runs largclj witiim tiie glossophai^ ngcal 
nerv e 

lliesc reflexes from tlie heart aorta and caroti 1 sinus constitute 
a reflex autorcgulation of tJie blooil pre'isure Thev are tomcall> 
active for if the alTerent fibers of the reflex arc are mteinipted the 
blood pressure rises ami the heart accelerates On the other hand 
if the blood pressure is clevatcil bj any means the mechanical 
stimulation of the receptors of U\»s mechanism tends to lower the 
blood pressure by reflex vasoconstnction ml slowing of the heart 
In fact these reflexes are tlie mechanism of what has long been 
known as Ararej s law t e that the blood pressure and lieart rate 
van imerselj I or details as to the reflex autorcgulation of the 
blood pressure and heart rate the reader is referred to the mono 
graphs of Hering ” Hej mans ** Koch ** and Weiss and Baker ' 
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A pnon, It would seem probable that tliese reflexes pla\ an 
important part m compensating for the djnamic consequences of 
circulatorj failure and especiall> in bringing about compensatory 
tachjcardia Thus in penphcral circulator} failure (shock) the 
low blood pressure is generally accompanied b} a rapid heart rate 
The latter cannot be due to any form of Bainbndge reflex (see 
abo\e) because tlie pressure in the great veins is abnormall} low 
It would therefore seem \er} likcl} that the heart is accelerated 
in such case-3 through the diminislic-d tonic activitj of the carotid 
sinus and aortic reflexes due to the lowere-d blood pressure In 
heart failure, in which diminishcil cardiac output and elevated 
venous pre-asure are gcnerall} combined it mav well be that both 
the IJambridgt and the carotid sinus and lortic reflexes particip ite 
m producing tachjcardia But these ire is vet inerelj suppositions 
without pusitiv e cv idence to support them 

It mav be rein irked that Wenckebach s observation that vagus 
pressure more often produces a m irked slowing of the lieirt when 
the mvocardium is dainagc-d thin tii health indicates that the carO' 
twl S.UW 1 S xerx active wv these patients to? a Iciwg known 

slow mg follow ing w hat w is considercxl v agus pressure is now know n 
to be 1 inanife-station of the carotid sinus reflev 

DILATATIOM OF THE HEART 

Cartliac msuflicienev is accoinpamexl b\ dilatition of one or more 
chambers of the he irt Most often the enlargement is demonstrable 
bj either phjsical or radioscopic examination but even if this is 
not feasible the postmortem examination of an individtnl who has 
succumbed after a period of more than moment irj heirt fiilure 
other than that due to compression of the heirt rtveiU the dila- 
tation 

Pathological Anatomy —The onlj characteristic of i dilated 
ell imber of the he irt is the mereased eapacitv of its civ itj W hen 
this 13 c-ompirativclv slight it mav be maskenl b\ postmortem con 
traction— which generallj involves the heart between one and two 
hours ifter deith altliough there is great variition depending on 
then itureof the disc ise and activ itv of theindiv idu il ante mortem — 
but the dilatition is igim evident after the mvocmliuin relaxes 
While ihl itatiun is such tends to thm the w ill of the alTectwl chain 
ber the litter mav nevertheless be decidwllv thicker thin norm d 
bexMUseof eoiicoimtant hvjxrtrophv whith isiilmost ilwavs present 
when dll itatum has cxist^ for more thin i few Wt-eks In other 
uistaiiee-s the thinning of the walls of tlie heart is verj marked 
tins Is most conspicuous in iht auncles which m iv be almost paper 
thin or where an aneunsin has fonned m conse-qucnce of fibrous 
replacement of infureteil mvocirdiuni The extent of dihtation 



29S 


COMPBNSlTiON OF TUB UEUIT 


imy be enormous, wlitn both sides of the Jicart are thus affected 
tilt orfcan mu> extend from the left axilla almost to the right Ihe 
highest degree of dilatation w seen in tlie auricles In rare instances 
of mitnl teiiosis the tjpaeitx of the left auricle exceeds i liter 
\\itli the thinning of the walls of tJie dilated thoinber goes an 
ittenuation ami elongation of the pipillary muscles and ehordoj 
tendiiue is well is Hattening of the trabeculie of tlie lentndes and 
the museul e peetin itu, of the auricul ir append iges in extreme 
instances the latter maj be luixllj disctrmblc An important 
accomp uimieiit ot some irislunees of well marked cardiac dilatation 
IS enlargcniLiit of the auriculo-xeiitrieular orifices usuilh much 
more markul in the tricuspid than in the mitril \ahe While the 
arterial rings max also be dilated this is usualK much more eloselj 
Lorrcl itexl with the state of the aorta and pulmonary irtcrx \^lth 
high gride dihtatioii and h>|)trtrophy of the left \entricle the 
septum protrudes far into the right xcntricle so that the cavitj 
of the 1 itter appi ars crescentic m tr mss erse section ind its capacitx 
13 greath dimmishe'd {|>agt 447) Depending on tlie direction of 
the enlargement the dilatcxl heart m i> compress any of the sur 
rounding structures— lungs diaphragm esophagus broncbi etc 
ihe ch inges in the exteninl furui of the dilated licart will be cxinsid 
crenl in eonjunction with the ehnicil findings (page dC2) 

V fait of gre it interest in regard to the interpretation of dilatation 
IS that It due's not from the start involve the entire ventricle but 
evolves in clnricteristic faxliion Knowlc'dge of the distribution 
of dilatation ii largely due to the careful measurements of tlie 
various intern tl and extcriiil dimensions of the heart carried out 
bj Ivirch *' Ills studies were csjicciallj toncernesl with the relations 
of the inllow ind outflow tracts of the ventricles nic inflow trict 
of the left ventricle extends from the mitral orifice to the apex that 
of the right ventricle from the tricuspid valve to the apex The 
corresponding outflow tracts extend from the apex of each ventricle 
to the aortic and pulmoiiarv orifices respectivelj Studying tlie 
left ventricle m hypertension and aortic valvular disease and the 
right ventricle iii c-onditions witli increased pulmonary resistance 
(mitr il disease cinphyseina) kircli found that ddatatiora o/ a uh 
inch in ticse condUions aluays bcgitu m t/e ovfjlow tract wlncli is 
both elongated and broadened Morrover he found that dilatation 
starts in the terminal portion of tlie outflow tract under the aortic 
ring m the left ventricle and m the pulmonary conus m tlie right 
The dilatation tlien jirogresses against the direction of tlie blood 
stream down the outflow tract to the apex Only subsequently is 
the inflow tract involved again in a direction contriry to that of 
blood flow so tlut the dilatation finally reaches the auriculo- 
vcntncular ring with the production of relative incompetence 
^^’hlle Kirch thus found many instances m which the outflow tract 
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(of the left ventricle m hypertension and aortic disease and of the 
right ventricle in mitral disease and emphjsema) was dilated while 
the inflow tract was normal he did not observe the reverse m over 
ten j tars of investigation 

In mitral valvular disease with pronounced regurgitation the 
dilatation of the left ventricle ma> be especiallj marked imme- 
diately under the mitral valve so that the chamber tends toward 
a spherical shape 'Ihe dilatation resulting from mjocarditis or 
coronarj arteriosclerosis seems to involve all parts of the ventricle 
in question quite uniform!) 

Another important observation made bj lurch concerns the ana 
tomical liiflcrenLc between tonogenous and myogenous dilatation 
(For definition of these terms see page 304 ) He found that in 
tonogenous dilatition the principal change is elongation of the 
outflow and then of the inflow tract of the ventricle involved while 
in mjogenous dilatation broadening predominates over elongation 
He observed elongation of over 20 per cent ibove the normal with 
no more than minimal broidening in die apical region Since 
tonogenous dilatation is generally the basis on which the heart 
hypertrophies m for example arterial hypertension theseobserva 
tions of lurch furnish the anatomical basis for the well known 
fact that in rclativclv well-compensated hypertension of manv 
vears standing fluoroscopic examination generally reveals little or 
no incrtasc in the transverse diameter of the heart but only an 
often marked elongation of the left ventricle for down mto the 
shadow of the diapliragm But when failure develops in such a 
case as a result of coronary irtenosclerosis the resulting myogenous 
dilitUion IS marked by broadening of the organ Ivirch also 
believes that the f let that tonogenous dilatation is predominantly 
longitudinal is one of the reasons why roeiitgcnographic exaimna 
tion of the heart immediately after exercise does not reveal the 
enlargement tint would ditorttically be expected (page 300) Tht 
mdeptndent behivior of the outflow ind inflow trvets as regards 
dilatation and by ptrtrophv (|)agc314) lacvidcndy an tx'iires'jion of 
/unctmrwJ ihihruivcs between the t»n portions f>! the wntneh the 
n iture of which ruinms to be thicidated 

Ihc histological changes tn the dilateii hcirt will be conAidered 
in connection with the ciuses of heart fulure (page 322) 

The Compensatory Nature of Cardiac Dilatation —To the clini 
Clans of a centurv ago dilatation of die heart was solely a passive 
process for which reason thev termed it passive aneurv in in 
contradistinction to hvpertrophv or active aneurv sin They 
rcgardenl dilatation as uiulogous to the stretching of old rubber 
solelv a m inifcst ition of impaired contructilitv and in itself purelv 
deleterious to the function of the mvoeanlium The lirst to oppose 
this Mew seems to have been Hosenbach ** who pointed out, largely 
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on spcculati\e and ttleological grounds, that cardmc dilatation 
at tmios be a useful, eDmptnsator> process serving to increase 
the capncitj for work of the dilutui tliamber For this reason, he 
spoke of ‘ h>perdiastole ' 

Adeqii ite b isis for this concLption has 'since been furnished b> 
stvidics of physiologists on the dviianncs of the heart The funda- 
mental exiicnmcnts are tliose of Frink’* on tJie frogs heart and 
cspcciilly of Stirling** and his pupils on St.irling’9 maramilun 
hcart-liiiig preparation* Since the resulting knowledge of the 
dy uainicH of heart niustlt. forms the cornerstone of present concep- 
tions of the pathological plivsiologj of the hcirt, it mil be bnelh 
discussed here 

Ezpenmental Investigation of Cardiac Dilatation —1 hesc studies 
have shed bright light <m the interpretation of canhac dilatation 
For it was found that uhea either heightened arterial resulance or 
greater nnous inflow incriasee the uorL of the heart accommodation 
to the gnaier load inrohee dilatation of the heart The steps in the 
accoiumotlalivc process were found by Starling to he as follows 

W'licn the rc'sistancc ui the aorti is increased, the heart fails to 
empty during the first beats as completely as before Ihe result 
IS tliat the residual blood m the left ventricle at the end of systole 
rises progressively with each of these beats Inasmuch as the 
venous inflow during diastole remains constant, there is corre- 
sponding increase m the volume of the ventricle at the end of dias- 
tole, t e , of w hat may be tenoed the prcsy stolic \ olumc Hon ev cr, 
os tiie presy stolic volume mounts with successive beats, the output 
also rises until cc|uilibrium is attained by output equalling inflow t 
The circulation has thus been adjusted to Uie new condition of 
increased resistance in the aorta Dut this readjustment has been 
attamed oiilv at the expense of the following new conditions 

1 Uoth the presv stolic and the systolic volumes of the heart are 
greater In otlier words, altliough the output of the heart is the 
same as at the lower resistance, it is effected from a higher level of 
dilatation 

* In the hcart-luDs preparation of blorljns the heart and lunge of o dog or cat 
ore completely aevered from the real of the body and a circulation maintained through 
them by the heart Suchahearttuaybeatformonyhoursand accord ng to Starling 
lie regarded as practically normal for three or four hours Both the venous return 
to the heart and the otlcnal resiatanre can be > aned at will Vmuug the measure- 
meets that can be corned out are tiomof tho \o2ume and output of Uie heart tie 
pressure in tho chambers and the coronary blood flow Tho gaseous metabolisiB 
of tho heart can be studied by means of the respiratory gases 

t As regards the form of the more powerful systole Patterson Pii er and Starling** 
observed it to be mure prolonged On the other hand VViggers and Katz * found 
that when the rcaistance is augmented by compression ol the aorta sj-atole is abbre- 
viated but the ejection gradient is steeper so that the same volume of blood is dis- 
charged in a shorter time If the heart is insufficient they found that vihile systole 

IS IikewTse shortened the ejection gradientdoes not become steeper so that the output 

is lessened 
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2 The pressure m the puImonar> \ein3 and that in the left 
auricle is increased This results from the \ enous return remaining 
constant in the fact of a greater \olume of residual blood in the left 
V entricle at the end of diastole so that the \ entncle is more distended 
during diastole and the dmstolic intraventricular pressure rises, 
which results in a rise in pressure in the left auricle and pulmonary 
veins It will be pointed out later that the elevation of pressure 
in the pulmonary veins is probably of primarj importance in 
causing djspnea in left heart failure 

3 Starling found that as the arterial resistance is increased, a 
greater proportion of the output of the left v entncle passes through 
the coronary circulation *1 liis is, of course, a v cry useful adaptation, 
for the heart is performing more work and therefore needs more 
blood It 13 wortlij of consideration whether the increased coro- 
nary flow accompanjmg heightened arterial resistance does not play 
a significant part, through producing greater wear and tear, m the 
genesis of coronarj arteriosclerosis m hypertension 

A similar adaptation was found by St'irlmg when the arterial 
resistance was kept constant while the venous return to the lieart 
was increased Here, also, tlic output of tlie first few beats of the 
heart falls progressively behind the inflow so that the presystohe 
volume of the heart increases Out as the volume of the heart at 
the end of diastole increases with each beat, the output also rises 
until equilibrium with the increased venous return is attained 
htarhiig and his associates found tliat the volume of the heart at 
the end of systole was greater than with a lower venous return 
However, although they made no actual observations of this tvpe, 
Patterson, Piper and Starling conceive it theoretically possible that 
a heart of very great physiological clBcicucy would be able to 
discharge all the surplus blood it received and thus maintain the 
larger stroke volume with only diastolic but no systolic dilatation 
Aoxiording to Wiggers and Katz,^* tlie increased output following 
augmentation of venous return is accomplished by both greater 
velocity of eje>ction and prolongation of systole 
Of especial importauce is tlie (act, derajoastratal by tlicse aud 
other experiments, that the isoiated heart accommodates liselj to either 
increased arterial resistance or greater tenons return solely by increasing 
the energy of the indietdual contractions and not by increasing the rale 
In Starlmgs experiments, the latter remained constant with the 
most varied arterial resistances and venous returns 13ut the rate 
was immediately altered by change in teini>craturc Ihesc findings 
indicate that tlie tachycardia of heart failure is an extrinsic adapta- 
tion, probably dt pendent on the nervous c-ontrol of the lieart 
It may be remarked tliat these cxpermicnts on the heart lung 
preparation showing that the increase m cardiac output following 
greater venous return to the heart is accomplished through the 
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uitcrnicdiacy of dilatation of the heart have been confirmed on the 
intact annual by Wiggers and Katz and Meek and Ejster “ 

Stalling s Law of the Heart —On tlic basis of these observations 
that tlie accomiriodation of the heart to either increased resistance 
or greater venous return is associatexl with dilatation, Starling 
enunciated his law of the heart, so fundamental for the clinical study 
of cardiac fulure Within physiological limits the larger the vol 
ume of the licart, the greater are the energy of its contraction and 
the amount of cfictnical change attach contraction ’ Since difata 
tioii of the heart meins that the constituent muscle fibers are 
elongated tlie bthav lor of the cardiac muscle in this respect is tlie 
same as that of voluntary muscle For it has long been known 
that the energy of contraction of skeletal muscle increases with its 
Iciigtli at the beginning of the twitch 

Mechanism of Compensation by Dilatation —The nature of the 
connection between tlie increased initial length of the muscle fiber 
mil the actoiupaiiyiiig greater energy of tontraction is not clear 
The re ison for this difiiculty is largely that the increase m initial 
length is generally accompanied by increase m tension Starling 
bchevexl it is the greater leiigUt os such tliat results in more energy 
being Iiberatexi in the following systole He based this opinion on 
observations in wlucii the increased diastolic volume of the heart 
was accompanied by but minimal increment m tension but was 
nevertheless followed by a loucli more powerful systole Starlings 
I'oiic'eption was that muscular contraction is largely dependent on 
surfice energy developed along longitudinally disposed surfaces 
whuli arc mcreasetl when the muscle is elongated Straub“ does 
not accept btarliiigs eviJeiicc that it is the increase m prcsystolic 
length of the muscle fibers and not their prcsystolic tension tliat 
•leterniiiics the more powerful systole On Uie contrary he finds 
that in tile case of tlie umuiDialian heart under the iniiuence of vagal 
stmuilatioij tlie initial volume may be high although both initial 
tension aiwl systolic accomplishment arc low Wiggers and Katz 
were unable to dissociate thaiiges in prcsystolic volume from those 
in tension Gesell** believes tliat both increase m initial lengtli 
and in ttnsiun of tJiefibcrsare toncerned in augmenting the strength 
of vcntncul ir eoutraetion 

Wliatever may be the outeomc of this controversy, for tlie 
thmciaii these exiierimcntal studies have furnished the significant 
demonstration tliat cardiac dilatation is one of the means by which 
the heart adapts itself to increased work 

Metabolism of the Dilated Heart— When the heart masters 
greater venous return or artenal resistance by means of diastolic 
dilatation it perfonns more mechanical work In accord with this, 
Evans and Matsuoka” found that when the arterial resistance or 
the venous inflow is increased, there is a rise m the oxygen con- 
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sumption and carbon dioxide production of the heart In a sub- 
sequent investigation, Starling and Visscher** showed that the 
ox>geo consumption of the heart (in the heart lung preparation of 
the dog) varied m the same sense as its diastolic volume and the 
initial length of the muscle fibers They also showed that as tlie 
heart tires, its mechanical efficiency decreases, t e , dilatation and 
oxygen consumption increase although the work accomplished 
becomes less 

The increased metabolism of the heart with progressive dilatation 
13 probably often of significance for the pathogenesis of cardiac 
failure Thus, if the coronaries are sclerotic, the blood supplj 
may be inadequate for the greater metabolism accompanying dila- 
tation due to high blood pressure or a valvular defect 
Optimal Dilatation and Pericardial Restramt —Just as tlie energ> 
of contraction of skeletal muscle increases with initial elongation 
onl> up to a certain maximum, there is also an optimal dilatation 
for the heart If the venous pressure or arterial resistance con- 
tinues to increase so that the dilatation exceeds this optimum the 
energy of s> stolic contractions decreases, the residual blood m the 
ventricle at the end of systole mounts rapidly with corresponding 
drop in output, and the heart fails In them experiments, Wiggers 
and Katz found that when the venous pressure exceeded a critical 
level of between 250 and 310 mm of saline, the s>stolic discharge 
decreased \Vliat determines the degree of dilatation above which 
the output of tlic heart decreases is not known One factor prob- 
ably IS the greater tension on the muscle fibers For if the pressure 
within the ch imbcr remains constant, the tension on each indiv idual 
fiber increases with the radius The maximum tension which the 
muscle fibers cm withstand without giving way is presumably a 
function of their physiological fitness But this is only another 
way of saying that they have failed and adds nothing to our com- 
prehension of the mechanism 

Such sudden dilatation of the heart beyond tlie optimum which 
would be followetl by quick failure, is largely prevented bv the 
pecu. irdium In health the heart does uot fill the pericardium, so 
that room is available for some dilitation While the findings in 
pencirdnl eifusiun ind in enl irgcincnt of the heart show that the 
pericardium cm dilate cnonnoiisly as a result of gradual pressure 
it 13 pnicticallv inexteiisible to sudden stretching and thus will 
prevent very great immediate dilaUtion Ihe re*straint of dilaLi- 
tion by the jicrie irdmm is well brought out in the experiments of 
Van Liere” and his issociates who showeal tint tlie pericirdium 
prev ents exccssiv e dilatation follow mg vagal stimulation and that the 
tardi le dilatation due to severe uioxcmi i is greater in animals with 
tlie pericardium remov «! AYorkmg with the heart-lung preparation 
Kuno** found that if the pericardium t3 removed anv increase in 
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the A\ork of tlic lieart is dangerous to the organ for hemorrhages 
into tin. nijocardium or \al\ii]jr iiicoinpettnce may develop On 
tilt otlier hand, ht ob&tr\ed that with the pentardmm intact the 
heart requires a higher \ ciious pressure to perform a given amount 
of work than when the piricanlium is opened tins is presumably 
bee luse tlie heart dilates more rcodiK in the absence of pericardial 
restrunt Gibbon and Churchill*^ also found that removal of a 
pencarvhum whnh interferes witli the dilatition of a heart per 
forming increised work mttenally lessens the degree of cardiac 
dceoinpcnsition Ihcse observations leave no doubt that the 
pcficiixliuni serves to prevent excessive dilatation Vttempts have 
been nude bj 1 clix’* and others to facilitate corapcnsator> dilata 
tion bv opening the perieanjiuiii 

Varieties of Dilatation —Moritz “ Ilcnng^^ and others have 
endeavored to differentiate pathogeneticallv distinct varieties of 
dilatation Ihi uiim tvjHa rttogiuzed have been 

1 A purelv compensatorv dilatation of the hcalthv heart muscle 
in order to meet i gre iter load Ihis is the scxalled plijsiological 
or active dll lUtion termed 1 )\ \lont7 toi o/enicdilalalion (t e due 
to increasexl ten ion) 1 lit eonccptioa has been that in this v arict} 
the hcirt IS dilited onlv in iliavtole while the Hvstohe volume is 
nornnl However the c\|>cnments on the heart lung preparation 
cited above indicate that the residual blood in tlic ventricle at the 
end of St stole is iiicrvascd even in a health) heart when the arterial 
resistance is elevateal 

2 Dilatation due to impaired contractility of the damaged 
rajoeanlium (pitliologicd or passive dilatation iiyogenic dtlataUon 
of "Mont/) 

3 Dll itatiun due to diminished diastolic tone of the heart 
Ilcniig conceives that tins ma) result from either increasctl vagus 
or deereiseal aceelcrator tone lliis form is hypothetical as far as 
human path log) is eonceriieil (See next section ) 

In clinical work it is iftcn inj])ussible to dfferentute the role 
pla)c<l b) m)ogenic and tonogcnic factors m j reducing dilatation 
eg ill V iKular lesions or hypertension with associ vted mvocardial 
changes There are however dilatations which can be classified as 
purth in}ogeitic or toiiogemc Lxainples of mvogemc dijatatjon 
arc encountered in for example arteriosclerotic mvoinalacia with 
out hvptrtensioii post-diphtlicritic heart disease and rheumatic 
m)otarditis with little valvular defect roiiogenic d latation 
occurs in nephritic or essential hjpertension m the voung although 
even licre despite the fact tliat the coronarv arteries are widel) 
patent vnd histologic d examination reveals no lesons of the lieart 
muscle the question ina) be raised whether superadded m)ogenic 
factors are not also concerned 

I rom the point of view of theconipensatorv nature of the process 
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it does not seem thit a distinction can be driun between m\ogenic 
and tonogenic dilitition lor even when the dilatation results 
from damage to the heart muscle and not from increased load the 
greater volume of the heart is accompanied bj augmentation m 
the energy of sj stohe discharge Lvidcncc to this effect is afforded 
b} the experiments with the heart lung preparation of Socin “ who 
injured the heart with chloroform and those of Sulzer who use<l 
alcohol for the same purjjosc These mvestigitions revealed that 
the dvnamics of the hjpodvnamic heart is qualxtahtcJy identical 
with that of the hcalthj organ Just as is true of the latter increased 
filling and greitcr arterial resistance are met In dilatation as a 
result of winch sj stohe energv is mcreised and the greater load 
mastered But Socin found that in order to meet a given load 
it was ncccssarj for the heart damaged b\ chloroform to undergo 
greater diastolic dilatition and iccumulate a larger s\ stohe residue 
than was needed by the healtlij heart lurthermorc the damaged 
he irt failed at a smaller load than did the healthv one In other 
words dilalahon of the damaged heart fulfills the savic function of 
increasing the energy of systolic contraction as docs dilatation uhen the 
heart iiuscle is uninjured Thus it would seem that mvogenic 
dilatation is to be viewed as csscntnll> similar to the dilatation 
that the healthi heart undergoes in the face of an increased load 
It IS present bc-ciusc the injured heart muscle can meet the normal 
load onlj with a greater prcsvstolic fiber length (or tension) than 
the imdamagcxl cardi ic muscle requires 

The Question of Diminished Tone m Dilatation —Loss of tone 
of the hcirt muscle has often been attributed a role m the pro- 
duction of (hi lUtion To Mackenzie ** dilatation of the heart 
seems to have been practieallj sjnonvinous with diminished tone 
Mhcn lluoroscopic examination reveals a dilatetl heart m which 
the differentiation of the individual segments of the borders is less 
clear than usual which lies with a broad base on the diaphragm 
and the amplitude of the pulsations is diminished the tone of the 
heart is often considered to be low Fven at the postmortem table 
the /hhbmcst of the heart masclc often encountered m pou-elipb 
thcritic or other mjoe mini degenerations or inflammations is not 
uncomiuoiiK considered to indicate that the tone of the heart w as 
low during life 

It seems however that these clinical interpretations are based 
on a loose conception of the nature of tone Tone is a fundamental 
propertv of both smooth and skeletal muscle consisting m the 
maintenance of i sustained most often relativelv slight degree of 
contraction In the case of the heart muscle Meek*’ defines tone 
ns 1 condition of sustained diastolic contraction b> virtue of 
which the muscle fibers resist distention more than thev would 
because of their mere pbvsical properties Such a diastolic tone 
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might ob^ loiisly he of great significance for the regulation of cardiac 
activitj \nd indeed the existence of carrliac tone in this sense 
was long ago established for tlie tortoise heart where it seems to 
reside m a Iijcr of smooth muscle most highlj developed m the 
auricle hut also present in tlie \cntritlc lltcrc hue been many 
ittcnipts to demonstrate the presence < f sunil ir diastolic tone in 
the numiiulmn heart aa inuiifcstcd bv altcreij \entricuhr dilata 
tioii for the same aciious return uid espcciilly to show that %agil 
stunululion diminishes the tone llowcscr as Uie result of an 
excellent rev icvv of the subject Meek, comes to the conclusion that 
there m aa yri no adcijuate erulence (f the existence of diashhc tone in 
the mammalian heart although the posMbilitj cannot be consider^ 
is di‘-pro\isI In their cxiicrmicnta on the heart lung preparation 
Patterson Piper and St irlmg** found no evidence of the cvistence 
of diastolic tone aa ilcfincai ihovc Thej therefore propose that 
the word tone be used to designate the plij biological fitness of the 
nuisck fiber as measured hj its cfficicncj in carrying on the circu 
lation without elongating It sccina to me that if thus defined 
the property of tone is not <lilTcrcntiatc<l from that of contractility 
and loses ill meaning os an mdtpcndtnt coiuept 

In view of the uucert unity rcganhng the existence of dnstolic 
tone— strietlv ilcfined aa above— in the muiiinalian heart the use 
of tlio concept ui clinical nicdianc docs not apjmr warranted So 
fir IS 18 known dilatation of the heart results from failure of the 
svstolic nccoinplisluncnt of the heart to equal tlic venous return 
(lorcontnrv vicwsscc Straub** and Ilering**) 

HYPERTROPHY OF THE HEART 

Of Uie three adaptations of the heart to incrcascii work— accelera 
tioninrate dilatation andhypcrtroplij—tlie compensatory nature 
of the last named seems the most obv lous Tliat hy pertrophy results 
from increased work of the heart was appreciated by Corvisart'* 
who <Irew an analogy between active aneurysm as hyqjertrophy 
was then known and the massive arm of the blacksmith Subse 
quent work has only fortified this conception that the mass of the 
j lyocardium w a function of the imrl %t lerform nith the limitation 
that the uorJ must be contidered tn relation to the functional Jiinesa of 
the myocardium Tlie supporting evidence is derived from observe 
tions both in healtli and m disease 

Relations of Cardiac Work and Mass m Health —The compara 
live anatomical studies of Bergmann* showed that among different 
species of mammals the ratio of the heart weight to that of the 
entire body tends to parallel the physical activity The very actn e 
hare haji the highest relative heart weight among the mammals 
he studied Wild animals wert found to have heavier hearts than 
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domesticated members of the species Similarlj, Ilerrmami** has 
recently found that tlic heart is relate eb Jnore massne m race 
horses and racing greyhounds than m otlicrs of the same species 
\mong birds, Parrot” observed the heaviest hearts m tliose which 
fly the most and the fastest and those which sing the most. 

In humans MuelJer** long ago found that the heart weight tends 
to increase with the body weight He also showed however that 
the absolute increase in the mass of the heart falls behind that of 
the body, so that the heavier the individual the less the ratio 

hMrtwcigl^ "^Judler s findings were later amended bj llirsch ** 
body weight 

who demonstrated that the closer parallelism is betwetn the heart 
weight and the general muscular development of the individual 
fat but flabby individuals generallv havccomparativelv light hearts 
Such direct correlation of the mass of canliac and skeletal muscle is 
of course what one would expect if the mass of the heart muscle is 
a function of the work it performs lhat hard working men usu 
ally have relativ civ massive hearts is indicated by radiographic and 
cspc'cially necropsy experience I have repeatcdlv seen a heart 
weight exceeding 45() griros in such individuals in the absence of 
hypertension or cardiac disease The rocntgcnographic studies 
earned out by Ilerxlitimcr** on participants in the Olvmpic games 
revealed that athletes especially those participating in enduranco 
events often have enlarged hearts IIis orthodiagraphic measure* 
ments showed that the enlargement of the heart in trained partici 
pants in such exacting sports as rowing and maratlion running is 
often decidedly greater than the hypertrophy of the skeletal mus- 
culature Rocsler** also showed that in healthv athletes the 
heart may be slightly cnlaigcd and diroimsh in size after the cessa 
tionof training I ikewisc lung^® and his associates have found that 
■45 per cent of Chinese ncksha pullers who perform verv hard 
work have enlargement of the heart sufficient to be demonstrable 
during life 

hxpcrinicntallv Kuelbs” sliowc<l that when the work of the 
heart is increased In exercise it hypertrophies He studieii two 
dogs of a litter on the same diet One was kept quiet while the 
other was excrcisctl vigorously through a period of months The 
weight of the heart of the exercised dog was mucli greater not only 
in proportion to the bodv weight but also to that of the entire 
skeletal musculature I urthcr expernnents hav e show n that after 
the termination of the period of exercise the heart decreases in weight 
Kirch and Nuermberger" similarlv produced hvpcrtrophv of the 
heart in rats by very severe exercise the livpertrophy was already 
present six dav s after tlie start of tlic training and disappeared after 
fii e or SIX months rest * 

Most interesting quantitative experiments were earned out by 
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Chanutni iiid TtiTis'* ami Clianutm niul Barksdale '» They pro 
ducetl chronic lij pcrtcnsion in rats 1>> partial nephrcctomj and 
found -y close direct correlation betneen the height of the blo^ 
pressure and the value of tlieratio 

associates ncrc furtliop iblt to demonstrate a close parallelism 
betnecn the elevation in blood pressure and tlie thickness of the 
fibers of the left ventricle flic right ventricle exhibited no hjper 
troph) Ihcsc experiments alTord a beautiful illustration of vana 
tion of the thickness of the in>ocardiaI fibers as a function of the 
work they perform 

Cardiac Hypertrophy m Disease —Increase in the mass of the 
heart disproportionate to the development of Uie skeletal muscula 
turc occurs under tno general conditions 

1 When the work of a cardiac chamber is increased m an a1 solute 
sense F \amplcs arc tbe hypertrophy occurring in hypertension of 
cither circulation valvular defects some forms of adhesive medias 
tmo pcriearditis etc The hyi>ertrophy is confined strictly to the 
chambers which perform the increo^ work It has been gratui 
tously assumed in the pist that vvhcnacliambcrof the heart hyper 
trophies because of increased work Uicre might also develop a 
svrapathetic Iiy pertropby of another chamber on the basis of 
muscle fibers common to both clumbers or because tlie blood supply 
to the second cli lUibcr was also mcrcosctl a pure hypothesis with 
out tangible support Such explanations have been advanced 
for example for the liyTicrirophy of tbe nght ventricle that so 
often nccompanit'S that of the left ventricle m hypertension But 
It has long been established that such hvpcrtrophv of the right 
ventricle occurs oiilv after the left ventricle has become insufficient 
and the consixiuenl nsc m pressure m the pulmonary circuit increases 
the work of the right xciitncle Tlie above-mentioned experiments 
of Clianutm an 1 Barksdale showed conclusively tJiat m hyperten 
Sion without heart failure only the left ventricle is hypertrophied 
In fact the location of hypertrophy is even more selective than the 
mvolvcnient of the. overworked vcntnclc the work of Kirch shows 
that hypertrophy of the left xcntncle m hypertension and aortic 
dn>cnsc nl first mvvAvea only tlv« wwtflovf tract (page tUI More- 
over not only docs on increment in the work of a chamber result 
in hxpertrophx of its muscle but decreased work is followed by 
atrophy of tlic myocardium to less than its previous mass The 
outstanlmg example is the small left ventncle of some instances 
of mitral stenosis 

Ihe findings in Graves disease indicate that it is increase m 
liorA. per sirole rather than mcrease m work per minute that leads 
to Ii\ pertropby of the functionally unimpaired heart JIany y oung 
individuals with Graves disease have a very high basal metabolism 
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and consequentl> a greatlj increased cardiac output (page SOI) for 
se\cral jears with no demonstrable enlargement of the heart and 
at postmortem the latter may not be hj^pertrophied In these cases, 
it seems plausible that the increase in minute %olume is accom 
phshed wholly bj acceleration in rate without increment m stroke 
\oIume In other instances of Graves disease the heart does 
become hjpcrtrophied and here it is to be presumed that cither 
the stroke volume is increased or there is functional impairment of 
the ni2ocardtuin In accord nitb this conception of the relation 
of cardiac hvpertrophj in Graves disease measurements of the 
cardiac output indicate that m some instances increase in the latter 
IS effected whollj or almost wholly by acceleration in rate while in 
others tlic stroke volume is also notably increased (page 562) 

2 Hypertrophy may develop when the functional capacity of 
tJie my ocardium is impairc<l even though the w ork it is called upon 
to perform is not elevated Nevertheless although the absolute 
work of the heart is not augmented there is a rclahte increase m 
tl e sense that the actual work performed approaches more closely 
to the maximum of which the heart w capable Hypertrophy of 
this nature is seen in some cases of rheumatic myocanliUs with little 
endocardial or pericardial involvement The same occurs in other 
varieties of myocardial inihmmation or degeneration very large 
hearts arc encountereil in the rare cases of chronic myocaiditis of 
obscure origin And there are instances of arteriosclerotic heart 
disease with pronounced hypertrophv although there is neither 
livpertcnsion nor valvular defect I have known a number of such 
eises in which the history indicated that hypertension had not 
previously been present ami in which corroborative evidence was 
furnished at necropsy by the absence of renal irteriolosclerosis In 
a series from which hvpcrtcnsion valvular disease and other causes 
of hypertrophv were eliminated Davis and Blumgart • found that 
the weights of the heart with sevcrccoronarv arteriosclerosis showed 
i higher range of distribution than those without marked changes m 
the coronarv arteries It is true however that by no means all 
cases of irtcnosclcrotic heart disease dev clop notable cardiac hvper 
trophv Wiere the latter is absent it is to be presumed that the 
myocardial changes of anv considerable duration are so discrete as 
not to produce canluc msufliciciicv at least for the restricted life 
that such patients usually live in consequence of anginal svmptoms 
md for the low arterial pressure so often present in those who have 
survived coronarv thrombosis 

\trv often of course increase in c.irdiac work and myocardial 
damage are combined in producing hvpertrophy Such is the case 
m valvular defects with accompanvmg rheumatic mvocarditis and 
in hypertension wdh coronarv arten disease In the often marked 
hypertrophv and dilatation of untreated pernicious anemia both 
20 
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o\m\ork m mamtiimmjj tlie mtnnscd iniimte volume and func 
tioml iinpurment of the mjocirdjum are probablj concerned \ 
similar combimtion is doubtless guiltv in manv cases in which 
dihtation and h\ ix-rtropli^ of the heart super\cne in Gra\e 3 
discisc 

Mechanism of Cardiac Hypertrophy — c know as little of the 
uctud bidoticil processes through which absolute or relative 
increase in work results in cardiac hjptrtrophv as we do of those 
throuf,li which tin, exercise of his occupation results m thickening 
of the bheksmith s irm Quite prob ibl> the processes are funda 
mcntallv the s.ime m both instances But from consideration of 
the conditions under whith tlic heart hypertrophies certain interest 
ing and important points of view arc opened up 

In tl c foregoing it his been seen tint a chamber of the heart 
hv (icrtrophics 

1 In health when is i result of phv sic il exertion the work of the 
heart is mcrciscd Here it is iiniiortant to note that the work 
per stroke is iiurciscii for several investigators {Bainbnilge* and 
Christensen**) have sliown that in vigorous exercise the minute 
volume IS mcrcascxl more than tlie rate so tint tlie heart must put 
out more blood per stroke 

2 \S hen the resistance to the expulsion of the blood is increased 
bv vulvul ir sten isis or h}i>crtcnsiun 

3 \Micn in addiUon to ex|>eliingthe bloo<! the heart has to drag 
the chest wall witli it during systole as occurs in some cases of 
adhesive modi istmo-pericarditis 

4 When the volume of blood expdieil per stroke is increased as 
m valviil ir insufllciency ind some instances of Graves disease and 
anemia 

o Wien the functional capiaty of the my oc.irdiuin is decreased 
for a const Icrable time ns a result of mflammatoiy or degenerative 
lesions or impiiriiicnt < f blooil supplv 

Common to each of these five circumstances is that the heart 
calls upon its rcscnc energy Under circumstances of rest the 
functionally cihcient heart docs not bring into play all the energy 
of which It IS capable Tlie difference between the energy utilized 
at rest and the maximum energy which the i eart is capaWe o5 
evolving constitutes the reserve ciicrgv But we have seen above 
that m addition to acceleration m rate the mechanism tlirough 
whieli the iicart brings its reserve euergv into plav involves increase 
in the initial leiigtli of the musde fiber as it starts to contract t e 
dilatation In other words dilatation is tl e basis on which hjper 
trophy arises 

Certain other evidence supports the view that hypertrophy 
evolves from antecedent dilatation Rosenbach** showed long ago 
that when aortic insufficiency is produced experimentally the first 
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consequence is dilatation of the left ventricle. But after a period 
of time hj’pertrophy is added to the dilatation. This obscr\ation 
has been confirmed by Eyster, Jleck and Hodges, “ and others. 
A similar sequence of e\cnts is vciy clear in acute glomerulo- 
nephritis with hypertension. Occasionally, the sudden rise in blood 
pressure, perhaps with damage to the myocardium, results in acute 
left ventricular failure with death from pulmonary edema in the 
first weeks of the disease. In such cases, the left ventricle is found 
markedly dilated but the weight of the heart docs not reveal definite 
hypertrophy. But in other cases which succumb after hjperten- 
sion of a few months' duration, the left ventricular hypertrophy is 
very evident. The cardiac findings in Graves’ disease (page 562) 
are also in excellent accord with the conception that h>7)ertrophy 
evolves from dilatation. Finally, the intimate association of 
hypertrophy with antecedent dilatation is supported by the studies 
of Kirch (page 299), who found that both dilatation and hyper- 
trophy in hypertension are initiated in the outflow tract of the left 
ventricle and both progress similarly to involve the inflow tract. 

^Vhile it thus appears highly probable that dilatation always 
precedes hypertrophy, there are hypertropliic hearts in which dila- 
tation cannot be demonstrated at postmortem. These are instances 
of what has long been known as concentric hypertrophy.* They arc 
more accurately termed hypertrophy without dilatation, for the 
seeming diminution in the capacity of the chamber is only simulated 
by postmortem contraction of the tluckened wall. In such cases, 
it seems highly probable that the hypertrophy has supervened at a 
relatively slight degree of dilatation which, even if it pcr&istwl to 
the time of deatli, would bedifficult of demonstration in the cadaver, 
^loreover, it is also likely that as hy pertrophy becomcsfunctionalJy 
more adequate, the antecedent dilatation may diminish; I have 
made several observations in acute glomerulonephritis and aortic 
regurgitation that would seem to accord with this view. 

Functional Value of Cardiac Hypertrophy.— No direct, quantita- 
tive data seem to be available concerning the force of contraction 
of the hv pertrophied heart. An approach to this important problem 

* In an interesting in\MtiKation, and Dork*' produced a form of cardiac 

hypertrophy which they regard u eonreotne Rytand and Dock define concentric 
hyi>crtrophy of the '\eutricte as "ao increase in the lolumo and weight of its myo- 
cardial fibers caused by an increase m Ibe width of the fibers, it is associated with 
a relalii'ely small lentncular easily, no significant increase in capacity per unit of 
body surface area and a shortening of (be total length of the fibers " They found 
that nhcn hypertension is produced in the rat by' partial nephrectomy, the hyper- 
trophy of the left icnUicle is due entm-ly to increaso in width of (he myocardial 
fibers, while their length is diminished The capacity of the left lentncle was little 
changed, increasing from a mean of 71 cjnca per 100 sq cm of body surface in the 
controls to 75 c ram. in the hypertensive anunals. But since the general conception 
of concentne hypertrophy includea an actual diminution in the capacity of the 
chamber, misunderstanding may be molded by not using the terra concentric hyper- 
trophy ei en for such hy pertrophy aa that produced by Rytand and Dock 
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\\ as made long ago by Ilascnfcid and Ilombcrg’* on animals in which 
they had pro<Jutcil aortic regurgitation. The aorta was compressed 
and the maxiinuiu pressure which the heart was able to maintain 
mc.isurc<l. They found that a higher pressure was attained after 
the animal had (lc\cIopctl cardiac hypertrophy than shortly after 
the prothiction of the \alvul.ar defect, winch would indicate that 
hypertrophy had rendcrc*! the lic.»rt more powerful. Despite this 
paucity of direct c\jdcntc, analogy indicates %cry strongly that 
hypertrophy augments the force with which Ji cardiac chamber 
contracts. For we know that when a skeletal muscle increases in 
cross-section it becomes more jwwcrful, .ind there is every reason 
to Ijchevc that hypertn>phy of the heart muscle is an analogous 
process. In the light of current conceptions of the regulation of 
the force of canliac contr.Jclion (page 300), this may be cxprcssetl 
as ffdlows: Ilypcrirophi/ of a chamber of the heart rwilts tn a more 
potcerful systole from a giten tha^lolir fiUtug than uas the case before 
the hypertrophy detehped. Hypertrophy thus enables an overtaxed 
chamber of the hc.srt tn meet the demands on it with less dilatation 
and a lower diastolic tension within the chamber than without the 
hyi)crtrophy 

In the foregoing, we have s>c«n tU,\t hypertrophy appears to l>c 
always a sequel of dilatation. Hypertrophy is, tn a certain sense, 
an adaptation to the altered dynamic conditions rcsiilling from dilala- 
Uon This may he elucidated by the following considerations: 
Inasmuch as the volume of u sphere is proportional to the cube of 
the radius, as a sphere increases In size equal increments in volume 
correspond to siii.illcr and smaller increases in radius. In other 
words, the larger a cardiac chamber the less its radius must be 
diminished to expel the same volume of blood. Consequently, tlie 
fibers of the dilated heart contract a shorter distance in maintammg 
the same stroke volume than do those of the normal organ But 
the strength of contmction must be correspondingly greater because 
the tension on tJie muscle fibers increases in direct proportion to the 
radius * Dilatation thus leads to the necessity far a shorter but more 
pouerful eontraciion of the muscle fibers, and hypertrophy would seem 
to be the adaptation to these altered conditions Of course, such a 
Ime of thought uvetely considers the wherefore aud not the how of 
the process by which hyiwrtrophy develops in the dilated heart. 
In acconl witli the conception is the above-mentioned finding of 
Rytand and Dock that tJic fibers of the hyTicrtrophied my ocardium 
are shorter than normal 

* This {olloMS from an squalion denred by Urlmholts T - P X R/2 where T 
IS the langcnlial tension in the wall of ft aphm. P » the pressure within the sphere 
and R la the ladws of the epbere It ts soea tbit if the pressure remains constant 
the tension in the wall vanes directly with the radius While, of course, a cardiac 
chamber is not a perfect sphere, the ftpjwoiiaiatioa is close enough foe the general 
pnnciple to bold 
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In addition to the advantage just described, hj'pertrophy also 
entails significant disad\ antages. Of these, the most important 
is that the greater thickne&s impedes the metabolic exchanges 
between the muscle fibers and the capillaries, ubicli run longitudi- 
nally between them, and thereby predisposes to inadequate nutrition 
and consequent failure (page 335). Furtlier, in the experiments 
of Hasenfeid and Rombei^* cited above, the investigators thought 
they found evidence that hjpertrophy interferes with the ability 
of the heart to increase its diastolic dilatation, which would of itself 
diminish the reserve force It might also be thought that the 
thickening of the walls of tlie hjpertrophied heart would interfere 
mechanically with diastolic filling. However, the latter conception 
is hj'pothetieal. The same is true of the possibilitj, consider^ by 
some, that the diastolic tone of the hj’pertrophied heart is increased 
and thereby hinders filling, we have seen that the verj existence 
of diastolic tone in the mammalian heart is questionable 

The efficiency attamed by hjiiertrophic compensation in some 
patients is very high For the compensation to be complete, the 
reserv c force of the heart w ould hav e to be as great as it w as before 
the appearance of the circulatory defect for which the hypertrophy 
compensates. In most cases, of course, exercise tolerance tests 
reveal that so high a degree of compensation is not attained. But 
there arc occasional patients, cspcciallv with defects of the aortic 
valve and hypertension, in whom such ideal compensation b practi- 
cally attained for a long tune, for they can participate ni athletics 
or do hard physical work seemingly as well as ever 

SixalUd Infiammalory and IdwpaRite Hypertrophy of Ike Ilearl —In the 
foregoing, hypertrophy lias been consider^ entuely as an adaptation to 
a disproportion between the functional capacity of die heart and Uie work 
thrust upon it There have, however, bwn a number of attempts to sliow 
that the stimulus to growth of die cardiac muscle fibers may also he in 
moments not correlated with functional inadequacy' of tlie heart \Miile 
none of tlicse carry conviction, they contmue to be cited m the literature, 
and therefore may be mentioned bneSy here 

In an extcnsiv c mv eatigation, Albrecht’ supported the thesis tliat cardiac 
hypertrophy is a manifestation of parenchymatous inflammation, the 
eiuaigcmcnt of thenuu>cle fibers being a reaction to “nutnUv c stimulation " 
The evidence adduced by ^Vlbrccht m favor of the inflammatory' nature of 
cardiac hypertrophy consists largely m clianges in the heart muscle cells 
and the mtcrstitium which he interpreted aa inflammatory. He also 
believed that tlie enlargement of the muscle fibers m cardiac ny'pertrophy 
results from an increase in the sarcoplasm and not m tlie actual contractile 
substance of the fibnlla;. which would indicate that the contractile strength 
of the fiber is not heightened by its enlargement However, it has b«n 
found tiiat the histological clianges which ^Hbrecht mterpreted os inflam- 
matory arc secondan' and inconstant, developing with further dilatation 
and failure, and it iias also been shown Uiat tlic contractile substance 
(fibnllx) 13 increased in the hypertrophic heart (page 317) Tlie theory of 
cardiac hypertrophy as a manifestation of parendiymatous inflammation 
IS thus wvttiout support. 
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‘ Idtopalhxc Hypertrophy of the Heart —Under tlio natno of idiopalhjc 
hypertrophy of tUo heart, Bauer and Bollinger* desenbed the great fre- 
(juenej of marked carduc liypcttrophy among Baianaiis wlio drink enor- 
mous quantities of Iwcr, 10 or more liters daily, o\cr a jienod of }ears 
Tlvo condition is also kno\\n as llie Munidi beer heart or tlic Tuebingen 
nine heart The conception was tliat tlie consumption of such great 
ijuaiititics of Uio highly nutritious Municli beer, or of wme, in addition to 
ample other food taken with it, led to pletliora and to mcicaso m tlic iiiasis 
of tlio heart through the etccteivc <[uatitity of foodstuffs brought to the 
organ Iloncicr, biihscmicnt investigations of these eases by Moencke- 
betg,** Konibtrg” and otlicra liave sliovvn that iti most instances dicre » 
arterial hyixirtuisioii, which would scuii to be pninarily responsible for 
the hypertropliy It would seem probable that various jjathogcnetic fac- 
tors ate concerntd in Uic production of tlicau cases of “ idlopatlnc” cardiac 
hyiKrtfophy or Ijccr heart Tlic pnmary moment ni most instances is 
doubtless the arterial liyiicrten-ioii just mentioned If, as has been as- 
sumed such immoderate beer drinking lucrcasca tlie circulating blo^ vol- 
ume over a large {xirtion of tho day. this factor may also !« concerned in 
the production of cardiac h>|>crtropny and ultimate failure Most often, 
the individuals in question arc ub^ and they frequently have arduous 
occupatiuns, whicli may also predis|K)sc to Iiyjicrtrophy and failure From 
Uio uaMcnntions of the anginal attacks m such eases, it seems likely that 
many of them also hav o coronary artcrlosl]c^o^l» 'fliat alcoliol specifically 
damages tlic heart has not been demonstrated In tho only case tliat 
I have seen that might have been classified os a “beer heart, “which con- 
cemed a stoker m a brewery who drank almost unbelievable amounts of 
beer while in Uic hot stokcrooin, tlicrc was botli hypertension and coronary 
artcrio'clcro-iis 

Another variety of ease Utai has been included in tho rubric of idopatluo 
cardiac liyixirtrophy is Uic so-called ecnpenitcl idtopathto hypertrophy of 
the heart in winch very large hearts arc ciiLountercd in infants Fifty-two 
such coses arc (Mllectcd in Kugel and SlololT s** paixirs to which the reader 
IS referred for a detailed dtacuasioii (see abo Crawford and Wei'S”) It 
appears Uiat in the large inaionty of cases Uicrc arc either inflammatory 
or degenerative changes in tno myocardium, or tlicrc is a renal or other 
extracardiac cau«c for the hypertropliy 

To lie difTcrcntiattd from cardiac liyjwrtrophy is tho enlargement of the 
heart that occurs in von Gierke’s disease, an obscure metabolic disorder 
of infancy and chiUlliood in wUidi enonwoua dci»'-its of gly cogen occur m 
various organs Ihe deposition of glycogen in the heart may lead to 
masAivc cardiac enlargement and heart failure some of the coses have 
doubtics been included in Uic tubne of congeiutal cardiac hypertrophy in 
the past (itiitopol, Iledbrunn and Tuclmian*) 

Pathological Anatomy of Cardiac Hypertrophy — Cardiac liyper- 
trophy c-onsists ui an increas>e m the mass of the muscle of one or 
more chambers) In fact, it is even more selective in its localization 
than is implied bv the involvement of individual chambers, for 
Kirch” has found that, like dilatation, hypertrophy of the left 
ventricle due to hypertension or aortic defects alwavs starts m the 
outflow tract of tlic left ventricle and only subsequently involves 
the inflow tract 

As a rule, cardiac hypertropliv is evidenced bv thickening of the 
wall of tlie involved dianibcr, although it must be remerabtred 
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that postmortem contraction can simulate thickening of the ra\o- 
cardmm But if the concomitant dilatation is marked, the hj-per- 
trophied \\ all maj be tlmined to e\ en less than the normal thickness 
In such cases, weighing the heart generall> demonstrates tiie 
h>pertrophj Relati\el> slight degrees of hjpertrophv of one 
chamber can be demonstrated onl> by dissecting the individual 
parts of the heart and weighmg them separately according to tlie 
metliod of Mueller** or b\ careful linear measurements with the 
technic of Kirch The reader is referred to the original publications 
for details of these methods, whicli have contributed much to our 
knowledge of the pathological anatomy of heart disease but arc too 
laborious for ordinary necropsy work 
Not onlv 13 the wall of the chamber increased in mass when it is 
hypertrophic, but the papillary muscles, coIumniE carnie, and 
musculse pcctinaUe are likewise enlarged In fact one can often 
detect the presence of hypertrophy, when it is doubtful from the 
thickness of the wall, bv the massivenss of the papillary mus- 
cles and the unusual projection of the thick, roundt'd trabeculte 
with deep recesses between them But when the hypertrophy is 
accompanied by marked dilatation the papillary muscles may 
become attenuated and the trabcculie flattened 
The sue of the cavity of a hvpertrophie chamber is determined 
by the amount of concomitant dilatation In mo»t instances, the 
enlargement of the cavity is immediately obvious However, 
there are also instances of hvpcrtrophv in which the increased 
capacity of the chamber is not evident, although we have seen that 
It seems Inghh probable that hypertrophy always develops on the 
basis of some dilatation That hvpcrtrophy of the wall ever 
notably diminishes the size of the cavity (concentric hvpertrophv) 
by centripetal thickening is very improbable, altliough sometimes 
at necropsy , as a result of postmortem contraction the cav itv of a 
ventricle is almost obliterated However, marked thickening and 
bulging of the septum m left ventricular bvpcrtFopby mav impinge 
notably on tlie lumen of the right ventricle (page -147) 

Hypertrophy may result in enormously massive hearts The 
Wall of the left ventricle may be thickened to over 30 mm and 
tliat of the right ventricle to over 12 mm Tlie auricles, especially 
the left in mitral stenosis, mav be tliree or four times the normal 
tliickncss Heart weights of GOO grams are not uncommon and 
even over 1000 grains is not excessively rare as a result of universal 
hvpertrophv btokes** observed a heart which attained the pro- 
digious weight of 19S0 grams In general, a heart weighing 400 
grains in the male or 350 grams m the female is hypertrophied 
Since Laenncc, the size of the nonnal heart has been c-oiisidered 
as approximately that of the nght fist of the cadaver However, 
the heart weight and size must be interpreted in the light of the 
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general liabitus atul muscular ilevelopment of the iiidnidual m 
persona of asthenic constitution much lighter licarts may be defi 
nitcK hjiiertrophicd especially i{ the hyjicrtrophy is confined to 
one chamber In general, hypertrophy evolves more rapidly and 
attains a greater mass m the young but enormous hearts are also 
pbserved to develop after middle lift In most instances m nliich 
massive cardiac hjTicrtrophy is present, more or less cardiac insufE 
ciencj has existenl for years Uic patient being generally on the 
verge of complete inc'ipicity, punctuated by repeated and pro- 
tracted periods in vvliicli the heart failure is severe enougli to keep 
the sufferer m bed Iht statistics of Cshot” show that very 
massive hearts npj roaching 1000 grams are most e-omnion in 
‘ulhesive me-diastino-pcricarditis Diseases of the aortic valve and 
less often— perhaps be'cauac of the more ndv anced age incidence— 
arterial hyiiertension arc also potent causes of tlic cor bonmm 
llie proportion of cases of mitral disease and especially of cardiac 
insufficiency secondary to thyrotoxicosis or pulmonary lesions in 
vvhich such massive livpertrophy develops is much smaller lor 
detailed statistics the reader is referred to the above-mentioned 
book of Cabot 

With the onset of general cachexia cardiae hypertrophv may 
regress to some extent I have seen at least two cvnmples of such 
atrophy of a previously hy|>ertrophicd heart m patients with long 
standing by pcrtcnsion who succumbed to cancer m both instances 
the slinnkage was evidenced by tortuosity of the coronary arteries 
Nevcrtiiclcss caeliexitic individuals sometimes have enormous 
hearts 

Hypertrophy of the individual chainhers causes characteristic 
changes in the form of the heart which will be discussed m con 
neetion wiUi the roentgen findings (page 162) Here it may be 
remarked that when tlie left venfnde is liy pcrtrophiwl the apex 
IS generally displaced downward and to the left the heart as a 
whole appears more c-onical and more of the left v entricle is visible 
m situ follow mg removal of tlie breast plate On the other hand 
when the right ventricle is hypertrophied the heart is broadened 
the right border is displaced to the right there is a bulging of the 
conus arteriosus of the right ventricle to the left and a considerable 
pottvaw of tlie left bocdec is fonned by the tight veutricle m extreme 
instances the apex is formed by the right ventricle and the left 
ventricle can hardly be seen in the situs at necroiisy TOien the 
right ventricle is hypertrophied the heart is rotated to the left 
and backward (page 370) which also helps to displace the left ven 
tncle from tlie anterior surface 

Ilypertrophicd heart muscle feels veiy firm this is usually most 
striking in the right ventricle which if greatly hypertrophied 
maintains its form and does not collapse when opened But post 
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mortem changes ma> soften the hypertrophied myocardium The 
muscle substance appears glassy and of a brow nish red color Both 
color and appearance are a^cctcd by the hemoglobin content of 
the blood and by such secondary cltanges as fatty infiltration pig- 
ment deposition, ischemic necrosis and scarring Tlie hyper- 
trophied papillary muscles often show these degenerative changes 
most clearly not uncommonly fatty change is first perceived in 
the subendothelial portions of the right ventricle 

Ihstologicalhj cardi ic hy pertrophy is characterized by an increase 
in the thiclfnths of the individual muscle fibers hormtrJv it was 
thought that the inert ised mass of the hypertrophic heirt results 
from hyperplasia of the mustlc tells However the investigations 
of Letulle ” Goldenbcrg** laiigl ** and others long ago showed 
conclusively that cardiac hypertrophv is almost entirely or perhaps 
exclusively due to increase m the iveragc size of the muscle cells 
and not to in increase in their number Nuclear division or other 
evidences of hvpcrplasi i of the muscle ctlls are not encountered m 
the hypertrophied heart Letulle found that while normallv the 
avenge diameter of the muscle fibers is between lo and 20 microns 
in hypertrophied hearts it is most often above or 28 roitrons 
The quantitative studies of Karsner Saplnr and lodd** indicate 
that in cardiac iiv pertrophy the inuscle fibers tend to intrease in 
thickness to a uniform limit ^^hat conditions this maximum 
tliickncss IS nut entirely clear |>ossiblv it is rel itcd to the nutrition 
of the cell which is derived from capilhncs running betwc'en the 
fibers There is hv pertrophy of all the elements of the muscle 
cells the nuclei being enlarged the sarcoplasm more ibund int ind 
the fibrilla. more numerous and niassive than normally (\schoiT 
and Tanara*) Jn tJic eaitJiac hypertrophy of aortic regurgitation 
btadlcr” also found evidence of increase m the length of the fibers 
for the central nuclei were further apart than m the non hyper 
trophic parts of the heart It may be tint this lengthening is an 
evidence of dilatation in expeninentd hypertrophy without Mg 
nificant dilatation Bvtand and Dock found indirect evidence that 
hvpertrophic fibers mav be decreased m length (page 311) Aschoff 
and lawara Keitli and Hack*® and Moenckeberg” have found 
that the fibers of the conduction svstciu do not p irtieipatc in cardiac 
hyqiertrophv 

llie heh ivior of tlie connective tissue in the hypertrophied heart 
has bc“en extensively investigated particularly as rega^s its rtla 
tion to heart failure Irom the anatomical point of view, Ixtullc 
loug ago dividctl cardiac hv pertrophy into two stages m the first 
of vvhicli there is onlv enlargement of the muscle fibers while in 
the second tliere appc.irs m additiou regressive changes in the 
fibers and conneetiv e-tissuc hyTierpIisii Similar observations 
were made by Deliio lie found tlut is long as the hypertrophy 
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IS not acconipinial bj notcnortliv dilatation conntctne-tissue 
proliferation w absLiit but \\rth dilotatioii mtcrfascicul ir and inter 
cdliiiar hjpcrplasi i of connective tissue appears Subsequent stud 
les bj Jacobi*^ li v\e shown that this lijpcrphsia mvoKes not only 
the collagenous tissue but ilso the reticulum fibers although the 
thslic tissue IS not not vW> increased Dehio found tliat wlnle this 
viyo/ibrosi3 curlu is tbfTusch ihstnbuteal it varies m degree in the 
dilferent parts of the heart the auricles are more severely affectal 
than the vcntrieles I he observations of Moenckebtrg on hjper 
trophic human bcirta and of St idler and facobi on bvpertrophj 
m coiicnmcntal aortie and tricuspid lesions also revealed a paral 
Iclism between ililatition ati<l the extent of connective-tissue 
bjperplasi i 

1 roin tht'se observ ationa it seems clear that cxinhac hv pertrophv 
IS not iieH.Lss.inl^ nccoinp unexj bj aiiv considerable lijperphsia of 
the interstitial connective tissue but that the I itter process is rather 
correlated with dilatation llie nature of tins correlation has 
jirovcil a knottv problem and will be considertal m conjunction 
with the an ituinic d findings ni be >rt failure (page 33S) 

UmiTY AND CORRELATION OP THE CARDIAC COM- 
PENSATORY MECHANISMS 

Tlic threx: mccbaiiistns vvliicli tend to increase the accomplishment 
of tiic strainexl heart liiivc bexm described in tlic preceding sections 
It mav be well it this point to summarize tlie advantages and 
disadvantages of each of these ineclianisnis and their correlation 
with one another 

Tachycardia — Ulien a ventricle fails the engorgement upstream 
to the failing chatnlKr ensures npid diastolic filling and conse- 
quentlv provides the londition most favorable to augmentation of 
output b\ acceleration in rate up tocertam limits (p ige294) hen 
UclivcarJi i m hcirt failure is not excessive it thus tends to climi 
natc tliL engorgement upstream to Uie failing chamber which 
probablj elicits tlie acceleration in rate through reflex mechanisms 
—an example of the reflex autorcgulition of the circulation under 
patliological circumstances Tachycardia has the further advan 
tage that It can be caJlcd into play immediately On the other 
hand tachvcaixha has serious disadvantages It entails the short 
ening of diastole the rest period of the heart and tliereby predis 
poses to fitigue and failure This is espccnIK important when 
the heart is dilated or hypertroplued For when the heart is 
dilate 1 Its oxj gen reximreuients are correspondingly higher And 
hypirtropiiitxl heart muscle not only requires a more abundant 
blood supply but the greater thickness of the muscle fibers necessi 
tates a longer rest period for adequate metabolic exchange witii 
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the blood (page 33G) It is therefore not surprising tliat protracted 
tachjcardia gencrallj results m mtcnsificatioii of heart failure 

Dilatation —Dilatation increases the systolic accomplishment of 
the \cntncl(. Ihis and the rapidity «ith \%hich it is called into 
action arc Its idvantages But dilatation has the great disad\antage 
that it entails tle\ itioii of pressure m the dilat^ ventricle during 
diastole A netessarj consequence is engorgement and rise m 
pressure in the segment of the vascular bed upstream to the dilated 
ventricle When the left ventricle is dilatetl there is engorgement 
and hypertension in the pulmonary circuit which is the prime cause 
of canliac dyspnea Wlitn the right ventricle is dilated there are 
engorgement and rise m tension m the systemic veins which lead 
to edema and swelling of the liver \Vhile dilatation serve's to 
increase the cardi ic output it thus leads to the accumulation of 
blood and rise in pressure upstream to the dilated chamber which 
are the minievhate causes of most of the cardinal symptoms of heart 
failure 

Hypertrophy —This represents the most adv antageous of the 
compensatory mechanisms for two rcisons (1) Ilvpertrophj does 
not inv olv e the shortening of tlic rest period of the heart and conse- 
quent pre'disposition to fatigue th it docs taehy canlia and (2) hvper 
trophy increases the energy and ictouiplishment of sv stole w itliout 
re'quinng as does dilatation the increase in the dnstolie pressure 
within the ventricle tiiat leads to engorgement upstream to the 
failing chamber When hypertrophv is adea^uate the circuhtion 
returns to norm il except th it the pressure w ithin the b\ pertrophied 
ventricle is mcreaseal during sysiole While livpertrophy is thus 
the ideal compensatorv uiechamsin it takes time to evolve and 
therefore comes into ictioii onlv after a considerable lapse of time 
I urthcriuore bcciuse of the greater rc<iuirement of blood supplv 
and the disadvantageous conditions for metabolic exchange hvper 
tropin carries vuthin it the genus of ultimate failure 
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CHAPTER \I\ 


THL MICHVMSMS 01 IILVUT lAILURL 

I UNDVMbVTAL among the problems of tmliovnscular pathology 
nrc tliobo of the immctli ilc cutises of 1 enrt f iilure Whj fo 
example tioes an tnduitiuil who Ins liad aortic regurgitation fo 
man> >cars without being short of breath suddenly or gradual!; 
de\ clop the sj mploins of an insufficient heart and succumb nlthougl 
the nccropsj sliows that the \alvular defect has undergone m 
cssentn! change for a long period before dc ith’ The problem ha 
been iiucstigatcd from a number of points of view and considerable 
information obtaiiicel Nevertheless as vet the question of why 
the heart fails c innot lie answered in a high proportion of cases Ir 
the following nnlv a general discussion of the problem will Ic 
attempted postponing more detailed consideration for Uie sections 
on the individual diseases. 

relation of morphological changes in the 

MTOCAROIUM TO HEART FAILURE 

In certain instances of heart failure the anatomic il findings seem 
adequate to explain the caithac insufliciencj Such for example 
IS true in some eases of coronar> tJirombosis with massive necrosis 
of large portions of the mjocanlium Likewise when the heart 
IS mvolv^ in diphtheria the damige to the myocardium may be 
so intense and universal that the cause of the cardiac weakness 
appears obvious 

Ilonever these cases m wliidi the anatomical basis of heart 
failure seems adequate arc dccidcdlv the exception and not the rule 
It is much more common that the damage to the myocardium 
unveiled at the postmortem table appears insufficient to account 
for the severe cardiac weakness In fact there are many cases of 
valvular coronan or hypertensive disease m which the pathologist 
13 unable to determine from the insjKJCtion of the heart whether or 
not the patient suffere*! from cardiac insufficiency during life he is 
forced to inspect the other organs for evidences of chronic passive 
congestion to recognize that the heart had faded Even moderate 
ddatation of one or more chambers of the heart does not prove 
that it was insufficient for equal dilatation may be found where 
the subject had never been short of breath or mav have dev eloped 
sub finem uUe The seventy of a valvular defect in itself affords 
no information whether or not heart failure had been present 
It IS by no means uncommon for verv tight mitral stenosis to be 
(322) 
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found accidentally at the necropsj of mdixiduals succumbing 
to cancer or other disease without haMng manifested eMdences of 
an inadequate heart during life The same is true in coronary 
artery disease which ma> be \erv se\ere cause widespread m\o- 
malacia and mjocardial fibrosis without the patient ever having 
had shortness of breath or other sjmptoms of cardiac failure On 
the other hand there are manv individuals with valvular defects 
coronarv sclerosis or arterial hypertension who suffer from severe 
heart failure for years and finalK are overcome b\ it despite the 
fact that the myocardium reveals little damage on the postmortem 
table 

It thus seems evident that gross lesions of the myocardium are not 
responsible for the vast majority of instances of heart failure 

Attempts have also been made to incriminate as the cause of 
heart failure various lesions of the myocardium revealed bv the 
microscope An extensive investigation of this tvpe was earned 
out by Krehl ** Romberg ” and their associates who studied his 
tologically a large number of instances of heart failure in valvu- 
lar defects renal disease idiopathic cardiac hvpcrtrophy (i e 
hypertension) and rheumatic tvphoid scarlet and other infectious 
fevers In almost all their cases they found histological evidence 
of acute or chronic mvocarditis These tonsistcil m vacuolar 
granular fatty and other regressive alterations m the muscle fibers 
with changes in the nuclei which thev interpreted as pathological 
often culminating m destruction of the muscle substance The 
parenchvinatous alterations were accompanied bv interstitial cellu 
lar miiltritcs and fibrosis as well as lesions of the vessels They 
believed these changes in the myocardium— vvhich thev interpreted 
as inflammatory —were extensive enough to account for the heart 
failure The findings of Krehl and Romberg were confirmed bv 
Vlbrccht ‘ who believed that the localization of the inflammatory 
lesions m special parts of the myocardium produces the heart failure 

However when the question was reinvestigated in great detail 
by AseboJI and Tawara * thev showetj very convincingly that apart 
from the heart fiilure of diphtbcria Krehl ind Romberg bad 
grossK overestimated the significance of demonstrable histological 
changes in the genesis of cardiac insufficiency Thev found that in 
the vast majority of cases incfuding rheumatic heart disease in 
which mvocardial changes are pratticallv constant histologically 
demonstrable lesions of the iiyocardntm are entirely inadeqxate to 
account for the heart failure Much more extensive damage of the 
nivocardium is often found in other hearts which were cntirelv 
competent during life Similar observ ations v\ ert made h\ Claw son'* 
m an anatomical studv of heart failure m essential hvpcrtcnsion 
chronic glomerulonephritis nght ventricular hv pertrophv defectn e 
valves luetic aortitis and adherent pericardium He alao arrived 
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it tilt condusion that mj ocinlial failure is rarely due to anatomi 
cal chitigcs in the mjucii^iuin 

In the following RCcUons we will consider the relation of certain 
of the mduidual iintomicil findings to cardiac failure 

Fatty Change — latty degeneration ’ of the heart muscle was 
forincrh highly estccmctl as i cause of heart failure in Stokes” 
and ( thcr older d issitsoii heart disease special chapters are devoted 
to the clinic d ])icturc of the fatty heart The Stokes Adims 
syndrome was erroneously considcrwl i immfestation of fatty 
hcirt However recent investigators rcgird increase m the amount 
of lipids demonstrable micro copicilly as of rdativdy little sig 
nificincc f( r the function of the heart muscle In the past the 
diagnosis of pathological fattv ch ingc was probably made too often 
for Master” an 1 others haveshovvn that even m health appropriate 
St iiiis Tc\ cal the pre cncc of finch div idal fat m die heart muscle 

In most mstaiiccs of la irt failure in v alv uJar disease hypertension 
etc tla amount of lipid that can bt demonstrated histologically is 
not strikingly mcrciscd \nd even when there is extensive accu 
mulaticu of fatty drojiltts it seems improbable that the process is 
m Itself highly deleterious to the heart although it bespeaks an 
abuorin ilitv in the metabolism of the myocardium The droplets 
arc located in the sarcopitsm between the fibnilse in which the 
(oiitrictile function is vested And when tlie lipid is removed by 
passing the vcction through xylol or other Iipid solvents the nuclei 
and fibnile are generdh seen to be little altered The slight sig 
nific,uice of cv cn higher degrees of accumulation of hpids in the 
heart muscle for canine function is sliovvn by the numerous mfec* 
tions intoxications met ibolic disturbances (notably diabetes) and 
anemias in which tlic Sudan stain reveals the heart muscle fibers 
crowdcnl witli fattv droplets although the heart was functionally 
adequate 

It wouH therefore seem that steatosis of tlie myocardium is rarely 
if ever prim inly responsible Jor heart failure On the contrarv 
when fattv change is present m chronic heart failure it is probably 
a consequence of tlie latter just as occurs in passive congestion of 
the kidnevs anl other organs The uneven distribution of the 
steatosis often manifested microscopically by alternation of fatty 
and non f vtty areas producing the appearance of tigering speaks m 
fav or of the v icvv that tlic fattv change is a consequence of the cir 
culatory disturbance tor Ribbert** and Nussbaum” long ago 
showed by injection of the vessels that tigering is produced by 
predominance of tlie steatosis m the areas of poor blood supply 
around the small veins while the heart muscle near the small 
arteries is less affected 

Of course the fatty change that accompanies severe necrobiotic 
lesions of the heart muscle notably m diphtheria must be differ 
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entiatctl from the t>pc just described In such instances the 
appearance of fat in the muscle fibers is merely one of the phe- 
nomena occurring in the course of the process that terminates in 
cell death, it is the necrosis of the muscle that produces the heart 
failure 

Another form of fatty change of the heart is that in which the 
cpicaniial fat is so increased m amount that it infiltrates exten- 
sively between the muscle fibers m the right ventricle often to the 
endocardium The significance of this so-called adiposita^ cordis 
has been debated probablj it is only rarely consequential in 
producing heart failure and is not uncommonly found in high degree 
in obese individuals who had no symptoms of cardiac insufficiency 

Cloudy Swelling —Separation of albuminous granules in the 
sarcoplasm producing cloudv swelling is often to be seen when 
bronchopneumonia or other infections or intoxications accompany 
the last stages of heart failure However cloudy swelling is fre 
qucntly also found in the absence of heart failure It would there- 
fore appe.ir that cloudy swelling docs not necessarily if ever in 
itself indicate severe damage to ravocardial function According 
to Kutschera Aichhcrgcn cloudy swelling often develops post- 
mortem in most instances he failed to observe it in fresh and 
well fixed prep irations The gross appearance of the heart which 
has undergone considerable postmortem autolysis often closely 
simulates cloudy swelling 

Vacuolar Degeneration —When chronic heart failure was present 
It IS not rare to find vacuoles filled with fiuid in the sarcoplasm 
Usuallj, thej are not verj abundant Aschoff and Tawara regard 
them as consequences of the venous stasis rather than as causes of 
the heart failure In favor of this view is their observation that 
the vacuoles arc almost nlwavs accompanied bj interstitial edema, 
which thev also interpret as a result of the passive congestion of the 
heart Acconling to Moenckeberg*® vacuolar degeneration mav 
also accoinpanv mflainmatorv edema of tlie heart 

Ifecro&iotic Changes —On rare occasions widespread necrosis of 
the heart muscle is produced bv various infections above all 
diphthiria and intoxications as carbon monoxide poisoning The 
necrosis is characterize*! histologicalh by various forms of nuclear 
destruction and by disintegration of the muscle fibers with loss of 
transverse striation and breaking up of the fibnlla; Sometimes 
large areas of the muscle fibers bctxime coagulated into homogenous 
hjalinc masses which may resemble Zenker s degeneration of the 
voluntary muscles. In other places or in other instances the 
prcxlucts of the disintegration of the nuclei and fibers become 
in granular masses The Sudan stam generally reveals 
large amounts of stainable hptd irregularlv distributed To these 
different histological pictures of necrobiosis such terms as hv aline 
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and waxj degeneration toxic mioljsis and granuIar><Jumped 
disintegration have been applied They are discussed further in 
connection with tlie diphthena heart 
^Mien such necrosis n sufficientlj diffuse which is ver} rare apart 
from diphtheria it furnishes the classical instance of heart failure 
cxplaintal bj the anatomical findings m the mjocardium But it is 
w orth) of reiteration that these cases arc very rare in comparison to 
the totaUtv of instances of heart failure 
Isolitcil massive infarction of llic mjocardmm due to coronary 
thrombosis often though not always causes heart failure As a 
result of rcpcatetl coroniry occlusions so considerable a proportion 
of the mvocarduim may be destroyed and replaced bv scar tissue 
tlint myocardial insufficiency occurs another example of heart 
failure winch is adequately explained bv the anatomical findings 
But the eases in which the scarring of the heart muscle is sufficienUy 
widespread to explain cardiac failure are very rare 
local necroses of tlie heart muscle are common as a result of 
minute thromboses m rheumatic fever and other infections as well 
as in uremia I specially in uremia thev may terminate in tiny 
areas of calcific ition These focal necroses seem to be of little 
significance for the genesis of heart failure they may be numerous 
in Uic absence of the latter 

Brown Atrophy —In old age the heart becomes atrophied and 
dark brown— brown atrophv Similar atrophy occurs m cachexia 
due to stars ation or disease the diminution in the weight of the heart 
apparcntlv parillcling that of the skeletal mu'^culature Diminution 
m the work of a chamber of the heart leads to selective atrophy of 
that chamber Tlie classical example is the left ventricle in pure 
mitral stenosis but atrophy of the left heart is also observed in 
unusual instances of ky phoscohosis and otiier forms of interference 
witli the pulmonarv circulation as a result of which the left side 
of the heart receiv es less blood The atrophy of the heart is due 
to diminution in the size of the individual muscle fibers According 
to the studies of Ivarsner SaphirandTodd “the fibers tend to dimm 
ish to a uniform tliickness Stadlcr*® found tliat the muscle nuclei 
are closer to one another in the atrophic heart evidence that 
the fibers also decrease m length The fibers of the conduction 
svstem do not participate in the atrophy (Moenckeberg*® and 
others) The pigmentation of the myocardium which is most 
often present in all forms of atrophy including that due to starva 
tion IS due to the deposition of pigment granules at the poles of 
the nuclei and when marked between the fibrillffi The pigmenta 
tion IS merely an accentuation of the physiological occurrence of 
pigment granules which begins in the first decade The pigment 
giv es lipoidal staining reactions but docs not react to tests for iron 
■\Vhile its exact nature is m question it is generally classed with the 



ClIl\GES /V THE MYOClltDIUV TO IIEiliT FilLURE 327 


wear and tear pigments which bespeak retardation in the 
remo\ al of kat ibolic products from the cell 
Atrophj of the heart is doubtless accompanied by diminution 
in Its functional capacitj for a fundamental determinant of the 
contractile strength of a muscle 13 Its cross-section However the 
circumstances m which atrophv occurs enumerated in the preceding 
paragraph are such that the demands on the heart are proportion 
ately diminished The result is that one often secs at the necrop»j 
of aged individuals verj marked brown atrophv although there are 
no evidences of heart failure However it seems verj probable 
that when the demands on an atrophic heart iri. increased as in 
the presence of bronchopneumonia or another infection cardiac 
insufficicncv maj develop more readil> than if the heart were more 
massive Atrophj of the heart is presumablv of significance m the 
genesis of the ca^iac insufficiency that sometimes terminates pro- 
tracted cachexias In instances of sudden death in old persons 
brown atrophj of the heart is sometimes considered bj the medico 
legal examiner is an aderjuite explanation for heart failure but 
whether this is justifial is questionable 
IntersUtul Cellular Infiltration —Much tlie mo<;t important and 
common form of myocarditis is that occurring in rheumatic fever 
and characterized histologic illy bv the Aschoff bodv (page 310) 
However as AsciiofT and Tawara* pointed out rheumatic mvo- 
carditis is pnmarilv interstitial predominantiv perivascular and 
verv rarelv so extensive as to compromise enough of the mjo 
cardium to come into consideration as the essential cause of heart 
failure 'Moreover in most instances of rheumatic heart disease 
there is little if anv diffuse degenerative change in the muscle 
fibers Aschoff and lawara ilso showed tint while the healing of 
rheumatic myocarditis results m numerous perivascular scars the 
surrounding muscle is unaffected bv the process The same is true 
of the minute necroses following occlusion of smill vessels which 
thev found very frequently ui rheumatic hearts The result is that 
while repeated itt icks of rheumatic fever mav leave a large number 
of scars in the heart the proportion of the heart muscle that suffers 
IS Reiver lUv very small All in vU the conclusion reacheil by 
Vsehoff and Tawara thirty five vears ago that cardiac failure tn 
rheumatic heart disease is rarely arilained by the anatoi iical findings 
tn the vijocardium seem well substantiatwl Ihc verv rare e\ccj>- 
tions arc fulminating cises of rheumatic fever which run very 
high fever and rapullv succumb to heart failure In such ciscs 
mostly in children the iiiyocanhtis inij be sufficientlv diffuse to 
account for the cardiac insufficiency Of course appropriately 
localized lesions mav cause cliange in tlie rhvthra of the heart, 
which mav impair its functional capacitv 

111 other infections apart from diphtheria (page oi>S) it is cx 
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trcmclj rire for imoc-\niais to be sescre and diffuse enough to 
alTord in adequate anatomical basis for heart fulure In Chap- 
ter \ WII It will be seen that Uie comtuon infections other than 
rJicunifttic fc\cr ind diphthcrn ranJy lead to the failure of a 
previouslv hcalth> heart— most of tlic clinical pictures formerly 
attributed to infectious m;yocartfitis are really examples of periph- 
eral circulatory failure— and that c\cn when this occurs an ade- 
quate anatomical basis in the form of inflammatory cliangcs more 
seven. tJian those found in the same disease without heart failure 
IS general)^ absent The few cases of mvocarditis of unknown 
etiology leading to heart failure are discussnl on pages 313 and 587 
and tile mnch-ilcbatwl sjqihihtic myocarditis on page 406 

In rare instances milignant growths or leukemic proliferations 
infiltrate the mjocardium diffusely But it is extremely rare for 
heart failure to rcaiilt, ilthotigh they roaj lead to disturbances in 
rhvthin -* 

Interstitial Fibrosis —The healing of rheumatic mjocarditis leads 
to interstitial fibrosis But this fibrosis is food in distribution and 
occonling to the stmlics of Clavejon •* rarely more tlian slight m 
extent It appurs from the literature (Moenckeberg”) tliat diph 
Oientic injocirdiUs is followed m rare instances by widespread 
fibrosis of the licart the same is true to a much less extent of the 
inxocarditis due to scarlet fever and other infections However 
even when such post mdainmator) fibrosis is extensive it is not to 
be regardul as the cause of arrhythmias or heart failure that may 
be present tlie litter arc tlic result of the destruction of muscle 
fibers for which the connective tissue substitutes spatially, or due 
to renew cil damage to the surviving heart muscle 

A problem tliat ius long excited controversy is that of the signifi 
cance of the interstitial fibrosis tint is so common m cardiac hv^ier 
trophv resulting from cssentiil hypertension or much less often 
from emphysema or other forms of increased resistance in the 
pulmonary circuit The fibrosis has been considered a replacement 
fibrosis for ilcgenerateil muscle and also a consequence of stretching 
of the muscle fiben It has also been thought that the interstitial 
fibrosis IS a cocuequeiice of chrome passive congestion of the heart 
just as fibrosis develops in other passivch congested organs But 
the latter cannot be the whole explanation for tJie fibrosis is more 
marked in the dilated chamber than in the others Clawson'* 
believes the fibrosis to be the result of coronary artery disease 
having found no evidence that myocardial strain in itself causes 
fibrosis lie observed that when c^iic failure results from glom 
erulonephntis and there is no coronarv arteriosclerosis myocardial 
fibrosis IS also absent Thcreis of course no doubt of tlie causative 
role of coronarv artery disease in the production of discrete foci 
of fibrosis follow mg focal myomalacia which may be very numerous 
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And in all probability coronary narron ing is an important factor in 
the production of many instances of the diffuse mjocardial fibrosis 
now under discussion. But diffuse fibrosis may also be present in 
dilated hypertensive hearts in -fthich coronary sclerosis is not 
sufficient to narrow significantly the lumens of the ^ essels. Jacobi*^ 
obser\ed the de\elopment of extensive diffuse fibrosis within a 
few weeks of the production of the experimental aortic regurgitation, 
in which there was no lesion of the coronary arteries. To the writer, 
it would appear probable that the diffm^ fibrosis in question is a 
consequence of relativ e ischemia of the hypertrophied heart muscle 
due to the coronary flow’ not being augmented sufficiently to keep 
pace w ith the increase in the mass of the myocardium and the greater 
amount of w ork it performs. To a certain extent, tlie fibrosis may 
fulfill a compensatory function in preventing rapid and excessive 
dilatation of the overburdened chamber. But that the fibroais as 
such plays any part in the production of heart failure is not ev ident. 

Fragmentation and Segmentation.— These terms are applied to a 
transverse splitting of the heart muacle fibers. Fragmentation 
designates splitting in the general course of the fiber, vvliile seg- 
mentation means that the splitting is along the transverse lines 
(intcrcalatevl disks). Segmentation appears to be rure; in fact, 
Aschoff and Tawara* doubt tlmt the splitting ever actually passes 
through the transv erse lines. The phenomenon is rare in the j oung 
hut becomes increasingly frequent with advancing >c‘ars; Aschoff 
and Taw ara found it in tw o>thirds of adults Fragmentation inv olv es 
only the ventricular myocardium; the papillary muscles of the left 
ventricle constitute the site of pr^ilection (Moenckeberg**). 
Lissaucr** states that the specific muscle of the conduction .sy stem 
is not affected. The course of tlie fractures is generally somewhat 
oblique and may be steji-likc. Tliey’ do not alw ay s cross the entire 
w idth of the fiber. The nuclei arc not iuv olv ed. 

The cause of fragmentation lias evoked much discussion. T^c 
fractures are not postmortem artefacts; they hav e been obscrv wl in 
hearts fixed very’ soon after death, and it has not been pobsible to 
produce than hy poatinortan manipniation of the htnrt. On the 
other bund, the total absence of reaction around the splits indicates 
that they did not exist long during life. In fact, wklc-sprcad frag- 
mentation would scarcely seem coiniMtible with prolonged function 
of the myocardium. It is therefore now generally agreed tliat 
fragmcnUtioii is an agonal phenomenon. Fragmentation docs not 
seem to he rclatc-d to any spc’cific lesion of the myocardium, being 
found in individuals succumbing under \arious conditions and 
without any definite heart disease. Fragmentation was formerly 
consldercxl to be es{x.‘cla11y' common and w cll marked in instances 
of sudden death, but tliis has not been established. However, the 
fact that fragmentation is rare in the young and becomes common 
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n\\ incing \cara raij indicate Out rcgrcssi\e changes m tlie 
liuocmliuin prwltsposc to it nIUiougli Aschoff and 1 uv-ira found 
no c\ idcncc tiiat tin. lesion w more common in the prcbcnte of fattj 
change or cdcin i Moat recent investigators (Moenekeberg‘0 
believe tint perverse eontrietioiis of the heart muscle at the end 
of life proihite the lesion It is possible that fibers which are 
devitahzctl first are torn by contractions of the neighboring fibers 
Mocnchebergs suggestion that fragmentation ma> he the ana- 
toiiiit il cvprtssion of tcrininal ventncuhr fibrillation is ver^ inter 
esting Jiinl worthy of further investigation 

THE ROLE OF MYOCARDIAL FATIGUE IN HEART FAILURE 

Iroin the foregoing it seems clear tint the hnoicii morphologic 
changes in the niyocttrdium do wof aiiffiie to e-xi lam the large majority 
I)/ inslaiiCM 0 / ftrarf /aifiire For tins reason recent investigators 
luv e endeav oresl to elucidate the p itliogencsis of Iieart failure along 
prunanlv functwnal lints llie conception vvjuch se*cms most prob 
ible m tlic light of i\ nl ibic cv idciite is tliat kiarl failure is most 
often the resuli of a (hange tti the Metabolic stale of the heart muscle 
ariufo^oKS (0 u/ui( is / iiutm as fatigue m shldal muscle and that fAts 
altered metabolic state is characterized by decreased efjleicucy i e 
by dimxnuUou in the proportion of liberated energy uhtch is conierted 
into mechanical u-orl In the fothmiiig we will first discuss the 
ev idciice in f iv or of this conception ami then dc'cnbc the processes 
winch tnvv favor fuigue of tlie heart muscle 

Most often heart failure succeeds a more or less protracted period 
of cardiac striin Before the heart gives wav it has gencriUj per- 
formed iiitrta'jcil work for a considerable time and thereby mastered 
tlie greitcr loid due to high blood pressure valvular defects 
einphvseina cte Very often it appears clear that neither the load 
of the heart nor the morphology of the uijocarcJium lias changed for 
a*considcrible time before or during the transition from excellent 
compensation to severe heart failure Consideration of these facts 
naturally leads to the concqition that the failure of the lieart mav 
be due to fatigue of the overworked injocardium just is skeletal 
muscle tires if it works too long or too hard Ihe researches of 
recent jears on muscle pli>siolog} hive shown that there is a 
fundamental and far rcvching sinulantx in the nature of the con 
traction process in skeletal and cardiac muscle — as would be antici 
pated from their close morphological resemblance— and it would 
therefore seem probable a jiriort that the maiufestations of exhaus 
tion in both varieties of muscle should be much akin That such 
IS actuallv the case is indicated bj a variety of evidence some of 
whicli will be found summanzed m the brilliant monogniph of 
Harrison^ and the article bv Kutscliera Vichbergen V 
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In favor of the view that clinical cardiac failure is at least often 
a process analogous to what is called fatigue in skeletal muscle, the 
following arguments may be advanced 

1 Rest is the sovereign therapeutic agent m heart failure 
Converselj, increase in the work of the heart intensifies and pro- 
tracts cardiac failure This behav lor is analogous to that of skeletal 
muscle, which recovers from fatigue with a rapidity proportional 
to the completeness of the rest allowed it 

2 Digitalis IS the supreme pharmacological rcmcd> for combating 
heart failure This action is so specific that it would seem that 
when we know how digitalis acts, light will be shed on the intimate 
nature of heart failure The action of digitalis, unfortunately, is 
by no means completely comprehended, but it will be seen in 
Chapter XXXIV that a fundamental clement m the salutary effect 
of the drug is slow ing of the heart with resultant increase m the rest 
period of the heart This would accord well with the conception 
of heart failure as a variety of fatigue Moreover, there is some 
evidence that digitalis bodies hinder fatigue m skeletal muscle 
(Neuscloss”) 

3 In experiments on the heart-lung preparation as carried out 
by Starling and others (page 300), after the heart has been working 
efficiently for some time it begins to weaken and this weakening 
becomes more pronounced until the heart fails compictelv Under 
the conditions of the experiment, tlie weakening is to be attributed 
to fatigue of the myocardium The fatigue is manifested first by 
dilatation of the heart, which increases gradually and is accom- 
panied by higher v cnous pressure although the output of tlie heart 
IS for some time m untamed at the previous level Gradually the 
dilatation becomes more and more marked until a stage is reached 
m which the output of the heart progressiveh diminishes, ulti- 
mately reaching complete failure Ihese successive mamfe*stations 
of fatigue in the isolated heart closelv resemble the course of events 
in elinic.xl heart failure, and it therefore seems highly probable 
tint tlie latter is also to be viewed os a form of myocardial fatigue 

I'rom a number of points of view, then, there are strong indica- 
tions that heart failure is due to a change m the function il state 
of the my ocardium akm to what is tenned fatigue in skeletal muscle 
Nevertheless, while the conception of heart failure as a variety of 
iny ocardial fatigue is important from therapeutic and other i>oints of 
view, the actual nitureof the proccssstil! remains to be elucidated 
xVs Harrison, who has done much to further the conception of 
heart failure as myocardial fatigue, says m this connection "A 
name Is not an explanation ” For despite the great recent adv ances 
in comprehension of the chemical changes occurring in muscular 
contraction, the causation of fatigue in even skeletal muscle is 
not understood Among the factors tliat may be concerned are 
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the nccumulation of katabohe products^ the exhaustion of the 
substances from chtnuc-il trnnsformutiun of which the energj for 
muscular tontnction is derived, and the production of specific 
fatigue substances It has been thought that the development 
of tissue acidosis is of cspetivl sigmficanct in the pnxluction of 
fatigue But these are all lojiothescb, and tvui less is known about 
the nature of fatigue in ht irt muscle In cvperuiunts with excised 
hevrta it !ua been found that fatigue tan be ateelcratcd b> defi- 
eicncj of blooil supply oxvgtii or various Jipids, ns well as b> 
changes ni rc<iction and in the concentration of the individual ions 
(see the reviews of \\iggers*‘ Tigerstcdt** and Ivutsehen Aich 
bergen**) but the relation of tliese cvjKrunental findings to liuman 
heart f iilure remains to 1>e efueidatexi 

The Decreased Mechanical Efficiency of the Failing Heart — 
Perliaps the best iv ailnblc It id in the se trch for Uic ii iturc of tlie 
alteration in the function il stite of the heart muscle which leads 
to fatigue and failure is tlic fmdmg that die mctliamt d efiicicncv 
of the failing mvucanlium is decreased Investigations on the 
surviving immmalnn heart (Uohde’*) and the mamnialun heart* 
lung preparation (Ivans and Matsuoka ' and Oruncls^’) have 
shown tint as the heart fails it consumes more oxvgcn ^r tlic 
perfonnaiKc of the s.unc amount of work i e tlie mechanical 
ciTitiencv is deert ised Starling and \ isschir” found that tlie 
increase in owgen cxuisumption ns the heart fills in the heart lung 
preparation is proportion il to the dilatation fins proportionalitv 
of oxvgcn consumption and diastolic volume of the failing lieart 
lias been coiifirmctl bv Ifeimngwa> uid lee** and Peters and 
\i5selier fhe latter investigators luve sliown that if the dias- 
tolic \ oluine of the he irt in the heart lung preparation be kept con 
slant b> tlianging the venous return tlie oxvgtn consumption 
remains unchanged as the lieart fails but the amount of work 
decreases i e tliere is a decrease in mtchameal efiicicncv winch 
is the ratio of work performed to energy liberated Peters and 
Visschcr h we also found that digitalis Uie outstanding remedv for 
lieart failure increiscs the mechaiucal efficiencv of the heart 

It would thus appear well established that in at least some forms 
of heart failure there is a decrcisc in the cfEciencj of the heart 
considered as a niachine doing work But regarding the more 
intimate nature of tlie changes in the inetabohe state of tlie heart 
muscle whicli decrease its eOicieiicj and lead to fatigue and failure 
practically nothing is known 

Chemical Studies of the Myocardium m Heart Failure —It has 
been thought that chemical studies of the uijocardmm nia> throw 
light on tlie more intimate nature of heart f ulure 

Recent investigations have brought forward strong evidence 
that at least a large portion of the energv for tlie contraction of the 
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skeletal muscle is den\ ed from the decomposition of phosphocreatin 
It has also been found that there is some parallelism between the 
functional state of skeletal musde and its creatm content , in \ arious 
conditions of muscular asthenia the creatin content of the muscles 
IS low, while the increased functional capacitj induced bj training 
IS accompanied by an augmentation of the creatin content In the 
light of these facts, it seems \ery significant for the problem of 
heart failure that Con an, Herrmann** and his co-norkers, and 
Linegar** d al , ha\ e found that in human heart failure the creatin 
content of the \entricular mjocardium is less than normal, the 
observations of Bodanskj and Pilcher* point in the same direction 
Herrmann and his associates furtlier showed that (1) There is 
decrease m the creatin content of the rabbit's heart which has been 
perfused until it fails and of the heart of the rabbit with experimental 
m>ocarditis, and (2) the heart rendered hypertrophic by an experi- 
mental aortic \al\ular defect and the digitalized heart haie an 
increased creatm content Herrmann and his associates belie' e it 
probable that the low creatm content of the failing heart is due to 
suboxidation, possible mechamsms for such suboxidation will be 
considered in the next sections 

The lipid content of the heart muscle has also been m\estigated 
Clark** showed that the lipid content of the m\ ocardmm falls m the 
course of perfusion of the excised heart, and that the addition of 
\anous lipids to the perfusion fluid helps to restore the fatigued 
heart Kutschera Aichbergen found that the phosphatid content 
of the myocardium is diminished in heart failure, the loss of phos- 
phatid being most marked in the chamber under strain 

Detailed studies on the inorganic bases of the mxocardium m 
heart failure have been carried out by Harnson’® and his associates 
They find that the potassium content of the heart muscle is dimin- 
ished in cardiac failure According to these m\ estigators the diminu- 
tion m potassium involves the left ventricle inleft ventricular failure 
and the right v entncle when this chamber has been subject to strain 
Calhoun Cullen and Harrison*® found evidence that the depletion 
of potassium is an indication of overwork of muscles for thev 
sliowed that when skeletal muscle is overworked the potassium 
content falls They believe that the loss of potassium results 
from local acidosis due to oxygen want, and that the consequent 
deficiency of base predisposes to fatigue Wilkins and Cullen** 
confirmed the depression of the potassium content of the insufficient 
myocardium and also found a diminution in phosphorus and 
magnesium occasional tendency to decrease m calcium and total 
base, and increase m sodium Kutscliera Aichbergen** likewase 
found diminution m the calcium content of the heart muscle m 
some, although not all, instancte> of heart failure In experiments 
with excised hearts, Clark** showed that the heart lobes calcium as 
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It becomes fatigued uid can be strengtJiened by the addition of 
calcium to the perfusion fluid On the other hand ^tt»< found 
no rehl)onbaA\eeii the water, ash calcium, maguesmin potassium 
uid sodium content of the intocardium and disease However 
some of his methods have Ikcu critiuzed adversely by \Vilkms and 
Cullen 

lliest iinestigatioiis represent the pioneer attempts to learn the 
chemical atwl physico-chemical changes m tlie myocardium m 
heart failure a line of investigation from which much is to be 
inticipatwl lu the future In the light of present conceptions of 
the phvsiologv of the contraction of skeletal muscle tlie observ ations 
tint the crcitin and phosphorus contents of the failing heart are 
depleted veem L-spcciilly promising However attrictive as is the 
hvpothc'sis witliout furliitr evidence it would be premature to 
assume tint depletion of the phosphoereatiii content of the myo- 
c irdium is conecrneil m the pathogenesis of my oc irdul fatigue and 
eoiisetiueut he vrt f ulurc I he entire subycet is as y ct m its mkney 

MECHANISMS LEADING TO MTOCARDUL FATIODE 

Myoeirdia! fatigue and consequent heart fiilure may be pre- 
cipitated through either decrease m the functional capacitv of the 
mvucardmm or iiicreise in the load of the heart Ihc following 
sections will consider bneflv some of the mechanisms winch thus 
lead to heart failure is well os some of the circumstances m which 
It IS prccipitateal More detailed consideration of the pathogenesis 
of heart f uiure will be postponed to the cU \pters on the individual 
forms of cardiac insufficiency 

Inadequate Blood Flow — iVmple blood flow is indispensable for 
muscular ictivity and dmiiimlion in blood supply quickly leads 
to fitigue Tins is pimfulh evident if one attempts to exercise 
tlie band with a constnc'ting cuff around the arm The experiments 
of \ isscher*®* nlTonl a good iHustr ition of the deleterious effect of 
diminution in blood suppH on the contraction of the heart ^\orkl^g 
witJi the heart lung preparation he showoil that constriction of the 
ewowisv vrteriei witUpitrcsfeiaor partial obstcuctioa of their lumens 
with liummum hydroxide quickly entails weakening of the m\o- 
cardium as evidenced by augmentation of the dustolic volume of 
the heart performing a constant quantitv of work Likewise m 
human pathology there is good evidence tint inadequacy of the 
metabolic evcliangts between the rnvocardiiim and the capillaries 
due to deficient blood suppiv is concerned m the pathogenesis of 
many instances of cardiac failure especially the decompensation of 
tlie hypertroplucd heart This may occur m two varieties of cir 
cumstances 
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1 'Wliere the blood flow through the entire coronary sjstem or 
individual coronary arteries is subnormal Such decrease m blood 
flow maj result from constriction of the coronary lumens due to 
arteriosclerosis and perhaps thrombosis along the course of the 
\essels or stricture of their mouths by the scars of sjphilitic aortitis 
In free aortic regurgitation the low diastolic pressure in the aorta 
may well cause inadequate coronary flow It is to be presumed that 
in peripheral circulatory failure with shock the diminished \enou3 
return to the heart lessens coronary flow and may thereby lead to 
cardiac w eakness 

2 It seems probable that even though the coronary lumens are 
not compromise to a high degree or at all, the \ olume of blood flow 
required by the hj pertrophied heart performing increased work 
may be greater than that actually ddivered There is then relatne 
inadequacy of the blood suppl>, which favors mjocardial fatigue 
and consequent heart failure That this mechanism may be con- 
cerned in the failure of the hjpertrophied heart was long ago sug- 
gested by Eppmger and Knaffl“ and recently supported by the 
studies of Harrison^^ and his associates 

At least three correlated and overlapping factors tend to increase 
the volume of blood flow required by the hypertrophic heart 

(o) When a hypertrophied chamber performs increased work to 
overcome, for example, hypertension or a valvular defect, the 
oxygen consumption is correspondingly augmented While this 
may be partially accomplished by more effective utilization of the 
coronary blood (greater arteriov enous oxygen difference), heightened 
metabolism generally necessitates greater blood flow 

(6) The nutrition of the larger muscle mass similarly necessitates 
more blood flow 

(c) In hypertrophy, the cross-section of the individual muscle 
fibers IS increased Harrison, Ashman and Larson” point out that 
since the muscle fibers derive their nutrition from adjacent capil- 
laries a process in which the physical diffusion of oxygen plays an 
important part, it seems likely that a longer time is required for 
completion of the metabolic exchanges with the blood than with 
fibers of normal thickness Such retardation of the metabolic 
exchanges entails a prolongation of the recovery period The latter 
IS especially disadvantageous for the failing heart, whose diastolic 
rest period is usuallv abbreviated by tachycardia Harrison and 
his associates have shown that in various species of animals the 
cross-section of the myocardial fiber^a and the length of diastole are 
adapted to one another, in animals with rapid heart action and 
consequently short diastole, the heart muscle fibers are thin In 
the hypertrophied heart, this adaptation is disturbed by the greater 
thickness of the muscle fibers without a corresponding augmenta- 
tion of diastole, on the contrarv, the latter is often shortened 
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Harrison has found that m complete heart block where diastole is 
long, cardiac failure is eucptional despite long standing strain and 
hypertrophy His conclusion that disproportion between tlie cross- 
section of tlie myocardial fibers and tlie Itngtli of diastole hampers 
the nutrition of tlie heart and is thus an important factor m the 
pathogentais of mj ocardial fatigue aiul consequently lieart failure 
would seem strongly supported 

lliL hypertrophied heart Urns requires a greater blood flow, 
probably even proportionately more tiian the increase m mass 
fills factor may well set a limit to tlie extent that hypertrophy 13 
efficacious as a compensatory mcchanusin, btyoud tins limit, the 
heart would outgrow its blood supply and therefore be liable to 
fatigue and failure lhat tins dots not occur earlier i» probablv 
due to augment ition in coronary flow that w indicated m many 
instances by the anatomical findings Gross*^ has shown hy injec- 
tion of the Ncsscis that the capucity of the artcnal tree m the 
hypertrophied portions of the lieart is increased Ilussow** has 
found that tlie total cross-section of the primary coronary branches 
IS augmented 111 Inpcrtrophic and dimmislied in atrophic hearts 
I have also repeatedly not^ m massive hypertrophy of many years 
duration that the main coronary trunks arc prctcrnaturally capa 
Clous When present the dilatitioii of the main coronary trunks 
doubtless indicates an increase in coronary flow But it may be 
doubted tliat Uic augmentation of coronary flow keeps pace with 
the increased demand due to the factors enumerated above and 
especially tliat it is able to atone completely for tlie retardation of 
tile nictabohc exchanges between the thickened muscle fibers and 
tlic blood lurthcr with the inevitable arteriosclerosis that 
accompanies middle age additional increase in coronary flow is 
prevented even though hypertrophy becomes more massive This 
seems a Ukch explanation of tlie frequent decompensation of cases 
of hypertension or valvular disease winch have been well com 
pensated by mums of hyjiertrophy for many years and in which 
necropsy rev cals no severe lesions in the my ocardium Under these 
circumstances relatively slight coronary arteriosclerosis with little 
constriction of the lumen may be inucli more significant than lias 
generally been realized 

Important evidence indicating tliat tlie blood supply does not 
keep pace with hyTiertrophy of the Jieart u afforded by the studies 
of IVeam““ and his associates Comparing 10 normal and 10 hyper- 
trophied human hearts they found a very evident decrease m the 
number of capillaries per square millimeter m the hypertrophied 
hearts In neither the hypertrophied human heart nor that of the 
rabbit with experimentally produced cardiac hypertrophy did they 
find evidence of multiplication of capillaries to compensate for the 
increase m muscle mass 
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When the heart begins to fail and dilates, a relative deficiency in 
blood supply becomes even more deleterious to the myocardium. 
The experiments of Starling and Visscher®* on the heart-lung prep- 
aration showed that dilatation of the heart is accompanied by a 
decrease in its mechanical efficiency. They found by studies of the 
oxygen consumption that as the heart dilates a smaller fraction 
of the energy liberated is utilized for the performance of work. 
In consequence, the dilated heart requires more oxygen to per- 
form a given amount of work, which presumably entails an increase 
in blood flow. A vicious circle is thus set up, for the more the heart 
weakens and dilates, the greater the blood supply it requires. 

Another vicious cycle that may develop in the coronary flow of 
the failing heart is indicated by the investigations of Wsscber®®®. 
Failure of the left side of the heart results in elevation of the diastolic 
pressure in the left ventricle; failure of the right side of the heart 
has a similar effect on the pressure in the right ventricle and venee 
cavffi. The consequence b tendency to diminution in the pressure 
gradient along the coronary system, a corollary of which is further 
impediment to coronary blood flow. 

An interesting demonstration of the relatively inadequate blood 
flow to the insufficient heart b afforded by the observations of Kountz 
and Smith,®’ They perfused human hearts removed soon after 
death and revived. The coronary flow In healthy hearts was between 
0.9 and 1.6 cc. per gram of heart. In individuals succumbing with 
cardiac failure due to arteriosclerotic, syphilitic or rheumatic heart 
disease, the flow ranged from 0.15 to 0.60 cc. per gram. This de- 
crease in blood flow per gram of myocardium was due to either nar- 
rowing of the coronary arteries or to increase in the muscle mass; 
in the latter instance, the decrease in flow was sometimes only rela- 
tive, the total flow being above the usual. 

The evidence just summarized renders very plausible the con- 
ception that failure of the coronary flow to keep pace with the 
augmented demands of the hypertrophied heart is often concerned 
in its eventual failure. But the relative importance of thb factor 
in heart failure other than that due to organic coronary narrowing 
remains to be determined. 

The Role of Infection.— The development of an acute infection 
in a patient with previously compensated heart disease may be 
quickly followed by cardiac fmiure. This sequence of events is 
far from invariable; one often sees an individual with hypertension 
or a high-grade valvular defect pass through lobar pneumonia or 
gangrenous appendicitb necesatating operation without the least 
indication of circulatory failure. But in other cases there is no 
doubt of the causal connection betw^n the infection and the heart 
failure that follows in its wake. The nature of the connection 
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between tl^e mfecUon and the heart failure is not alwajs the same 
and includes the following 

1 The infection maj produce se\crc degeneration and necrosis 
of so much of the mjocarduim that the anatomical findings afford 
an adequate explanation of the heart failure The outstanding 
example is the diphtlieria heart (page 588) 

2 In other cases in whicli heart failure is uniloubtcdlj precipi- 
tated bj an infection, the onatomical investigation of the heart 
muscle docs not disclose structural changes m the injocardium 
sufficiently pronouncctl to explain the canbac insufficitnc^ , similar 
changes arc found in individuals succumbing to the same infection 
without lieart failure Ihis may occur in sucli infections as pneu- 
monia, iiilluenza and tjphoicl fever Most often those who develop 
heart failure m this fashion enter their infection with pre-existent 
hjTicrtension, coronary arteriosclerosis, or valvular defect which 
had been well compensated, and perhaps unsuspected, until the 
development of the infection It seems probable that m these 
eases heart failure results from a combination of causes increase 
m the work of the heart due to fever functional impairment of the 
heart muscle emanating from the infection m perhaps the same 
obscure fashion os docs the asthenia of the skeletal muscles and 
abbreviation of the rest period of the heart bi tach>cardia Because 
the infections in question produce penphervl cuculatorj failure /ar 
more often tint they do heart failure the latter is discussed m con* 
junction with shock (Sec Chapter \X\II for details ) 

3 In individuals with coronary arteriosclerosis, upper respiratory 
infections or pneumonia ma> be followed bj coronarj thrombosis 
with resultant circulatory foilure feuch a sequence of events has 
been rare in m> experience, much more often pneumonia follows a 
coronary occlusion 

4 A special and predominant place in the causation of heart 
failure bj infection is occupied by rheumatic fev er 

Sheumatic Fever —The Occurrence of Heart Failure m Rheu 
matic Infection —Rheumatic heart disease is the cause of almost all 
cardiac failure m childhood and adolescence most of that m joung 
adults, and a small but by no means negligible fraction after the 
age of fortj Tins high incidence is not surprising in the light of 
the great frequency of rheumatic infection and the usual if not 
inevitable, implication of the heart According to Coombs'® about 
75 per cent of individuals with rheumatic infection subsequently 
exhibit evidences of heart disease In a large senes of cases of 
rheumatic heart disease studied by De Graff and Lingg,'* 95 2 per 
cent developed cardiac insufficiency In De Graff and Lmggs 
patients the mean interval between the onset of mfection and the 
first clinical evidences of cardiac msufficaenev vvas eleven years 
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22 9 per cent exhibited cimtcal manifestation of an insufficient 
heart within a jear after infection 

After the s>mptoms of heart failure have set in, the course is \er> 
variable Some get on well for five or even ten jears Others 
have repeated bouts of heart failure during a period of jears, from 
each of which they recover sufficientlj to be up and about, although 
the tendency is toward a longer duration and less satisfactory 
improvement with successive attacks Such a protracted course is 
more common in those who lead a comparativelv leisurelj life than 
in the hard-w orking Recent studies hav e show n that, statistically , 
the prognosis is poor in rheumatic heart disease once the latter has 
resulted in cardiac failure severe enough to require bed rest Thus, 
the average duration of life after the onset of heart failure necessitat- 
ing bed rest was found to be two and a half years by Fnedberg and 
Tartakower** and three years bv De Graff and Lingg More than 
50 per cent of Davis and Weiss ” rheumatic patients succumbed 
wnthin one j ear after the onset of definite heart failure 1 1 of 56 cases 
with cardiac failure necessitating rest in bed died within one month 
These statistics are largelv based on hospital material As inti- 
mated above, I do not believe that the prognosis is equally bad m 
the well to-do, who can obtain adequate rest and care although a 
large series substantiating this opinion is difficult to obtain because 
of the lesser frequenev of rheumatic infection m the financially 
more fortunate classes In pnvate practice one not rarely encoun- 
ters individuals with rheumatic valvular lesions who notwithstand- 
ing shortness of breath and palpitation on mild exertion for over 
ten years, get along fairly well because tliev are able to adjust their 
way of life to the functional capacity of the heart Finally, there 
are the exceptional cases m which definite rheumatic valvular 
defects are present for even thirty or more years without heart 
failure ever developing, the subject finally succumbing to an inde- 
pendent ailment 

Before discussing the mechanism of the failure of the rheumatic 
heart, it may be well to describe briefly the anatomical picture of 
rheumatic carditis 

The Bheumatic Lesions ol the Heart —Studies bv Swift,®* Tala 
lajew,*’ Klinge ** and others have shown that m rheumatic fever 
there is implication of the connective tissue throughout wide areas of 
the body, if not universally The morphological changes seem to 
be fundamentalK similar in all parts although their form is modi 
fied by the terrain m which they develop It seems probable from 
the researches of Swift and others that the lesions are the morpho- 
logical expressions of an alteration lu the reactivity of the mesen- 
chymal tissues resulting from the sensitization of the organism to 
the etiological agent The nature of the latter, whether strepto- 
coccal or not, IS still sub jiuftce and will not be discussed here Three 
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stigcs can be rccoi^nized in the natural historj of the lesions an 
initial sta^c of degeneration anl necrosis o! the collagenous con 
nectivc tissue with llui 1 and cellular exudation a secondary stage 
of proliferation of the fixed connects c-tissue cells which m some 
places agglomerate to form the specific granulomata known as 
Aschoff bodies and a final stij^e of liealing through either resolution 
or organization with the formation of a scar 

In this rheumatic procsiss the connective tissue of all the struc 
tures of tile heart — endocardium and \alvc3 myocardium pen 
cardium and croronary \cssels— is mvoKcd with varying intensity 
It will be more convenient to describe the changes m the endo 
cardium and valves m conjunction with the individual valvular 
lesions (pages 403 an I 189) In the following we will first discuss 
the development of rheumatic inflammation m the mvocardium 
the site m which it was first studied in detail But it is to be reiter 
atc<l that the process is essentially tlic same m other parts of the 
bo<ly 

llic characteristic and specific lesions of the myocardium develop 
m the interstitial connective tissue Opjiortumtics to study the 
uncomplicated initial phases arc not common for death is rare in 
the first two weeks of rheumatic infection The first changes 
consist m swelling of the collagen fibers and exudation of fluid and 
cells Gross and 1 hrhcli^* incline to the opinion that the changes 
til the collagen fibers arc the prunary piicnomcnon The swollen 
collagen fibers merge w ith one another to form a homogeneous mass 
that is intensely acidophilic appearmg bright red in the hematoty 
Im-cosm preparation md takes fibnu stains Because of the latter 
property the process lias been termed fibrmoul degeneration but 
Gross and Sacks who have studied the matter in detail find 
practically no fibrin at this or subsequent stages of the evolution 
of tlic Vsehoffbody The swelling of the fibers is generally regarded 
as a manifestation of necrosis of tlio collagen Klinge has found by 
means of silver stains that while the collagen reactions are absent 
the skeleton of the component fibrils is intact and stains like reticu 
lum fiber although it is masked by swelling of the ground substance 
However Gross’ has found that there is actual breaking up of the 
fibers t e true necrosis Tlic changes m the connective-tissue 
framew ork are accompanied by exudation, of fluid resulting in small 
areas of elema round cells and sometimes polymorphonuclear 
leukocytes tlie cellular exudation is rarely conspicuous in the early 
phases 

The ischoff Body —By the end of the second week accordmg 
to Gross and Ehrlich and Klmge proliferation of the fixed connec 
tive-tissue cells starts This proliferation results in the granule 
mata which constitute the chief lustological characteristic of the 
rheumatic inflammatory process They are known after their dis 
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co\erer as Aschoff bodies or, because o{ their size, as submilnry 
nodules, individual fresh ‘\schoff bodies iiithout surrounding 
changes are not visible to the nak^ eje While it has been claimed 
by Clawson^ and others that the Aschoff bod} is not absolutely 
specific for rheumatic infection and taiy be found in scarlet fever 
and subacute bacterial endocarditis, the recent studies of Gross are 
strongh in fa\ or of their speciflcitv 
The Aschoff bod\ most often develops in the adventitia of a small 
arterj or vein, this was the ease in 44 of 49 subimhirj nodules 
which JIcGwen^’ studied in serial sections Ihe Aschoff body 



Fio 3 —The hie cycle ot the Aschoff body I Ccnttal area of collagen necrosis 
mth beginning surrounding prol feration of histiocytes ( Vschofl cells ) 


vanes m appearance with the stage of its development Gross and 
Lhrlich have found correlations between the morphologv of the 
lesion and the phase of the rheumatic infection At the height of 
its development a U pical Aschoff bod\ consists m cells surrounding 
or embedded m a matrix of the homogeneous eosinophilic substance 
described above as derived from swollen and necrotic collagen fibers, 
the appearance sometimes simulates tiiat of a Langbans tubercle 
The characteristic cellular element (Aschoff cell) v anes m size from 
a little larger than a Ijmphoote to a true giant cell The larger 
elements have ill-defined borders and frequently long cjtoplasmic 
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axtuisiotis 'lliese cellg arc often multinuclcir and maj form Iirgc, 
irrcguhrly outlintd missta Ihe nuclei nia> lia\c a 

\\liccl-‘:pokt arrangement like that “f a plasma cell IJie ej toplasm 
IS bisopliilic, htaiiiiug red witli nietlijl p\roiiiii Tlie origin of 
tlic&c large cells has given nsc to tonsulerable controversy , clitFcr- 
ent nn titjgiitors have dcrtvwl them from hmphocj’tcs or mono- 
cytes of the circulating blotHl, vascular endothelium, or tiic liistio- 
cvtcs or fihrolilasts of eoimcctivc tissue Gross and I lirlich believe 
tint it IS '.afest to assume th it tliev arise from mcsencliy nnl cle- 



rio I — The) loocloolthe VarbofTboily II Lar^h st oc^acs prol fmte through 
OQt the ncrrotic coUagpn 


ments understanding b\ this term an ultimate derivation from the 
mesencliy me winch m ly or may not have passed tluough a tliffer- 
entiitiou into mature cell tvpcs suclt as huiphocytes histiocvtes or 
fibroblasts It seems that these cells inav act as scav engers for the 
products of collagen necrosis In addition to the cells just described, 
a varying number of lymphocytes polymorphonuclear leukoevtes, 
plasma cells, and fibroblasts may be present 

About the nmtli to the sixteenth week after tlie onset of the 
causative rheumatic exacerbation, according to Gross and EhrlicJi 
the regression and transformation of the Aschoff body into a scar 
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begins. The cells are replaced by fibroblasts and the ultimate result 
is a connective-tissue scar. ATjocardial scars of rheumatic origin 
are often perivascular. 

Aschoff bodies can be demonstrated in the heart in a veiy high 
proportion of cases of acti\e rheumatic infection. Thajer** found 
them in 93.7 per cent of his cases. In patients ^^ho succumbed 
during the first attack of rheumatic fever, Gross and Ehrlich found 
Aschoff bodies in almost 100 per cent of cases, in over 90 per cent 
of other cases of acti\ e rheumatic infection, and in over 64 per cent 



Fig 5 — The life cjcle of the Aschoff body III Beginning fibroblastic activity 
and organization of the nodule 


of cases of rheumatic heart disease in which death resulted from 
cardiac failure without clinical evidence of active infection at 
the end. The left ventricle and interventricular septum seem to be 
the sites of predilection for Aschoff bodies. In their cases dying 
in the first attack of rheumatic infection Gross and Ehrlich found 
Aschoff bodies in the interventricular septum and posterior wall of 
the left ventricle almost invariably, while these lesions were present 
in the left auricle, left posterior papillary' muscle, and pulmonary' 
conus of the right ventricle in about 60 per cent. Submiliary 
nodules are generally more numerous in the subendocardial portions 
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of tlic left viiitnilc hut Coointn found tint thc^ have no spetnl 
ten kiicj to implicttc tht coiiluLtiuii svbtcni 

TJe Muscle hicrs —l\vt inoj,t important jKnnt in relition to 
heart fiiihirc is the one about which hi&tolo^v tells us least inmdj 
the stite of the muscle hbers In ictivc rlieiimatie infection the 
mi (e mini fibers immaliiuK adjacent to the \schofF bodies 
sometimes lutnotahvixs e^hlbltsevtre^eprcsslvecl^l)ges There 
mi\ ilso bo small foci if mv oiii il ten lut m evident relition to 
suhmilnn nodules somtof tlico. art t\i lentlv secondary to arterial 
lesions But apart from rare exeeptions these chan},es are so cir 
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cumstribid as to be of little significance for the genesis of heart 
fill ire Ihe v eiitricuiar muscle in general mav show cloudv swell 
mg and fattj change but these are rarelj severe differ m no wise 
from the tomraon findings in other infectious diseases an 1 scarcelj 
indicate severe damage to the heart muscle In the left auricle on 
the other han 1 the rheumatic inflammation inotead of being con 
fined to circumscribed granulomata as in tlie ventricles may be 

quite diffuse ani the muscle filers severelj damaged Indeed m 
cases of mitral stenosis with great dilatation of the left auricle the 
mjocardium of this chamber maj be practicalK destroved this is 
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perhaps attributable to the effects of both the high tension and the 
inflammatory lesion The significance of the high intra-auricular 
tension is indicated b> the absence or far smaller extent of the 
changes in the right auricle The auricular changes are further 
discussed on page 493 

The Coronary Artenea — \Vhile it has long been known that rheu- 
matic infection may produce lesions of the coronary arteries, 
the frequency and severity of the latter have become evident only 
in recent jears In\estigationa by Karsner and Bayless^ and 
Gross, Kugel and Epstem** have shown that the coronary arteries 
are regularly implicated in rheumatic heart disease, although the 
seventy of the changes and the number of branches involved varies 
In patients succumbing during active rheumatic infection, some of 
the coronary branches generally reveal arteritis, characterized by 
such changes as cellular infiltration, proliferation of fixed cells, 
edema, eosinophilic swelling of the collagen, necrosis, destruction 
of the elastic tissue, and thrombosis Most of the changes are 
not specific for rheumatic infection, but sometimes Aschoff bodies 
are found The arteritis may affect coronary branches of all sizes 
According to L Gross, Kugel and Epstem,** the severe forms of 
rheumatic arteritis almost always occur under the age of fifteen 
years H Gross and Oppenheimer*® found no evidence in their 
clinical and necropsy observations that rheumatic infection pre- 
disposes to coronary arteriosclerosis of a severity sufficient to be 
striking at necropsy On the other hand, detailed histological 
studies by Karsner and Bayless and L Gross Kugel and Epstein 
have shown that long-standing rheumatic heart disease favors the 
development of regressive changes m the walls of the coronary 
artenes In rheumatic heart disease of long duration, the last 
named investigators found premature sclerosis and thickening of 
the coronary arteries due to elastic and collagenous hyperplasia 
their findings indicate that the victim of chronic rheumatic heart 
disease has coronary arteries belonging to an age period considerably 
older than his actual years Thus, L Gross and his co-workers 
mention a patient, aged fifteen years, m whom the right circumflex 
coronary artery had an intima of the thickness usually seen m the 
fourth decade of life It remains to be determmed to what extent 
the thickening of the coronary arteries in rheumatic heart disease is 
a manifestation of increased wear and tear due to the greater blood 
flow required for the hypertrophiwl heart, and to what extent it is 
due to organization of the artentis of the active stages Probably 
both factors participate 

Thrombotic occlusion of small coronary branch^ is a common 
result of rheumatic arteritis Nor are mural thrombi of the large 
branches rare However, major coronary thrombosis with occlu- 
sion of a large branch and the clinical picture of myocardial mfarc- 
22 
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tioii IS a great rantj Brcitenecker* described an instance of such 
occlusion of the right coronarj artcrv producing sudden death in a 
joung girl, aged t%vc»tj“t\\o>cars, >Mth rheumatic m>ocarditis and 
aortitis and I’errj ** another of tlironibosis of the left coronarj 
artcrv in a boj, aged fourteen jears, with rheumatic heart disease 
who had had angina pectons A further case, without necropsv 
but with the clinical picture and electrocardiographic changes of 
mjocwhal infarction, was publishcil by Slater ” 

The PertcanUum —The pericardium is probablv implicated m 
practically cverv severe attack of rheumatic carditis, although the 
lesions may resolve so that thev are not found m the patient who 
succumbs years later after activity has subsided This is indicated 
by the following finilmgs of Coombs “ Of patients dying in the 
hrst decade, 100 per cent had pericardial lesions, in Uie second, 
8i 3 per cent in the third, -11 6 per cent, in the fourth 23 per cent, 
and after the age of forty years 20 per tent The inflammation 
of the pericardium results in reddening of the surface deposition of 
fibrinous layers on the surface, exudation of fluid into the cavity, 
and ultim itch if the mflammatory products are not resorbed, the 
formation of pcncardml thickenings and adhesions of the layers to 
one another and the surrounding structures Calcification of the 
pericardium is a rare outcome Histologically the lesions are 
typical of the rheumatic process, and Aschoff bodies are often 
demonstrable during activity Large pericardial effusions of rheu- 
matic ctiologv are unusual, Coombs found eiTusioiis of a measurable 
quatititv in only 10 per cent of his rheumatic patients succumbing 
before the age of sixteen vears, and m older individuals they are 
much rarer The role of pericardial adhesion and effusion in the 
causation of heart failure is considered in Chapter \ \\I 

The Mechanism of Heart Failure m Ebeumabc Carditis — e 
may now turn to the pathogenesis of the failure of the rheumatic 
heart, and especially the relation of the latter to the anatomical 
changes just described 

The proportion of rheumatic cardiacs who still have active 
carditis at the tune of the final failure of the heart vanes with the 
age at which the latter occurs This is stnkmgK illustrated by the 
findings of Rothschild, Kugei and Gross.'* They examined 161 
rheumatic hearts with the following results 
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In recent j ears there has been growing appreciation of the great 
importance of exacerbation of adite carditis for the failure of the 
rheumatic heart Howe\er, the figures just cited show that it is 
not always concerned, for there are cases of rheumatic heart failure 
■without active carditis In these, mechanical burdens imposed 
by the vaHmlar defects— the significance of which has been too 
much deprecated of recent years, perhaps as a reaction to the over- 
emphasis of the older clinicians— are of fundamental significance 
We shall consider these factors m turn 

The Eole of Active Myocardiba m Rheumatic Heart Failure — From 
the above figures it appears that when heart failure develops m 
young rheumatic individuals the role of active carditis, which 
almost always includes active myocarditis, must be taken into 
account This is also indicated by the clmical course and the 
anatomical findings Fspecially m children and young adults, one 
often finds that the appearance of svTiiptoms of decompensation 
follows fever or other evidences of exacerbation of the rheumatic 
infection and that with the subsidence of the infection the circula- 
tion improves Furthermore at the necropsy of such patients the 
valvular defects may not be severe, sometimes mechanically insig- 
nificant, but the activity of the infiammatory process is pronounced 
While there thus seems no doubt that the lighting up of the rheu- 
matic infection is responsible for heart failure in these cases, the 
nature of the connection—apart from the rare cases with extremely 
widespread degeneration and destruction of the heart muscle— is 
not clear In many instances despite a considerable number of 
Aschoff bodies and other changes m the connectiv e-tissue framework, 
the heart muscle reveals comparatively Jittle histologically demon 
strable change not more than is often seen m other infections 
without heart failure One is driven to the assumption— though it 
is no more than an assumption— that rheumatic infection damages 
the heart muscle and lowers its functional capacity in some way that 
is not reflected m histological changes evident to present methods 
of inv estigation 

In addition to the development of heart failure an indication of 
damage to the my ocardium in active rheumatic infection is afforded 
by the great frequency of eledrocardiogTophic changes in acute 
rheumatic fever, even though there are neither symptoms nor 
physical signs of cardiac implication By makmg frequent tracings. 
Swift and Cohn“ found electrocardiographic changes in 35 of 37 
cases of acute rheumatic fever Rothschild, Sacks and Libman” 
found abnormalities m the electrocardiograms of 61 of 65 patients 
with acute rheumatic fev er It is to be emphasized that such high 
incidences are obtained only by takmg repeated electrocardiograms, 
for the changes are usually evanescent and vary from day to day 
The most frequent findings are prolongation of the P-R mterv al 
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and alteration in the form of the Q-R-S complex, the S~T segment 
and the T na\c Such disturbances m cardiac mechanism as pre* 
mature contractions, auricular fibnlktion or flutter, auricular or 
lentncular taclijcardia, nodal rhytlim, or auncuIo*ventricuIar, 
bundle-branch or sino-auncular blodc may occur (Parkinson, Gosse 
and Gunson“) In fact, practically all the electrocardiographic 
aberrations occumng m coronaiy arteriosclerosis and tlirombosis 
have bten obscrveil m rheumatic fever, including the sequence of 
elevation of the S-T segment followed by inversion of the 2' wave 
which is so common in coronary thrombosis Most of the changes 
also occur, altliough much less often, m other acute mfections 
(page ()()4) The tphcmcral nature of most of the electrocardio- 
graphic abnormalities in rheumatic fever indicates that they are due 
to reversible changes m the mjocartlium But occasionallj per- 
manent defect of auriculo-vcntncular conduction or other changes 
remain, doubtless the results of the formation of an appropriately 
located scar in tlic heart muscle 

Significance ol the Mechanical Burdens Imposed by Valvular Defects 
in the Failure ol the Rheumatic Heart —In older patients with long- 
standing valvular defects, contrary to the coses just considered, 
heart failure is most often not due to exacerbation of the rheumatic 
inflammatory process • Very often there is no history of rheumatic 
fever or chorea and even careful questioning elicits no anamnesis 
of die rheumatic infection that undoubtedly existed many >ears 
before Thej ma> have no fever, arthntis, anemia, acceleration of 
the rate of sedimentation of the red cells, or other indication of 
rheumatic activity And at necropsy there is either complete 
absence of active inflammatory lesions of the heart, or the few 
AscliofT bodies and other evidences of myocarditis are so scattered 
tliat they scarcely bespeak significant activity The valvoilar 
defects are severe and there is pronounced dilatation and hyper- 
trophy, whidi indicates tliat the heart has performed increased 
work for a long time The causes of heart failure in these cases are 
probably fundamentally the same as tlio«5 which lead to ultimate 
fatigue and failure in all forms of cardiac hypertrophy, e s , id 
hypertension Wiat is known about the genesis of this form of 
heart failure has been discussed above, where it is pointed out 
that madcquacy of the metabolic exchanges of the hypertrophied 
muscle wiUi the blood is proliably ol great significance For 
example, in aortic valvular lesions acquired m early life, as the 
\alvular deformity becomes more pronounced through shrmking of 
scar tissue and secondary atherosclerosis (page 466), more and 
more hypertrophy of the left \entncle deveJops, until the muscle 

• Howe\ er it must not be foreotten tliat even nut al attacks of rbouiostic mfec 
tion may occur alter the see of sixty )«sn Ferrn and Myers’* ba» e pubLshed such 
cases with death from heart failure and I have encountered them 
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mass "outgrows" its blood supply The accommodation of the 
blood supply to the hypertrophy of the left ventricle is hampered 
by the premature sclerosis of the coronary arteries which is an 
almost inevitable accompaniment of rheumatic heart disease 
(page 345) Even though this sclerosis does not strikmgly narrow 
^e coronary lumens, it may well interfere vsith increase in blood 
supph and vasomotor adaptation necessary to meet the greater 
blood flow needed by the overworked and hypertrophied left ven- 
tricle hforeover, the functional capaatj of the heart muscle is 
doubtless often dimmished because of the changes incidental to 
advancing jears and perhaps also because of residual damage from 
the myocarditis that existed years earlier In mitral stenosis, 
failure is often precipitated by the onset of auricular fibrillation 
(page 513), m the causation of which the mechanical factor of 
auricular distention is perhaps concerned And in other instances 
pericardial thickening and adhesions may play a part, if only an 
accessory one, in overburdening the heart 

In many cases the two mechanisms just described are both con- 
cerned m the causation of the failure Following a rheumatic 
infection, the patient remains with a valvular defect, which is well 
compensated But a fresh exacerbation is accompanied by decom- 
pensation, and at necropsy one finds not only the valvular defects 
and hypertrophy emanating from the old infection but also fresh 
carditis Very often, the final failure occurs only after a number of 
attacks of decompensation, each due to lighting up of the rheumatic 
infection 

Subacute Bacterul Endocarditis — Libman^^ long ago pointed 
out that subacute bactenal endocarditis almost always develops in 
individuals with well-compensated valvular defects or congenital 
anomalies, only rarely does this form of endocarditis complicate 
pronounced heart failure Libman’s observation is of practical 
importance, for while subacute bactenal endocarditis should be 
among the first thoughts when fever or embolic phenomena appear 
m a well-compensated cardiac patient, this explanation is far less 
likely in the presence of severe heart failure Moreover, while 
Buchbinder and Saphir* found chrome passive congestion of the 
organs m each of 40 necropsies, most victuns of active subacute 
bactenal endocarditis do not develop heart failure until the termmal 
stages of the disease The same is not true of Libman’s*^ bactena- 
free stage of the disease, in which heart failure may play a prominent 
part Libman“ further pointed out, what is likewise often a diag- 
nostic aid, that subacute bactenal endocarditis rarely develops in 
the presence of auricular fibrillation or flutter, and that these 
arrhythmias are extremely infrequent in the active stage of the 
disease Thus, Rothschild, Sadm and Libman encountered auncu- 
lar fibrillation m only 1 of K® active cases of subacute bactenal 
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endocarditis, and m tins instance it appeared three days before 
death On the other liand, of 14 patients in tlie bacteria-free stage 
3 had auricular fibrillation and 1 flutter Moreover, in 200 indi- 
viduals with auricular fibrillation observed by Rothschild, Sacks and 
Libiuan for one to ten years, none developed subacute bacterial 
endocarditis 

Ihe reason why subacute bacterial endocarditis so rarely appears 
in patients witli pronoimctd btarl failure or auricular fibrillation 
docs not seem to liavc been elucidated 

The fact that nioist patients with active subacute bacterial endo* 
carditis do not develop heart failure other tJian terminally indicates 
that the myocardium docs not suffer severely This is rather 
peculiar in the light of Buchbindcr and Saphirs observation of 
cxtensiv e my ocardial lesions (minute emboli, infarcts and abscesses, 
AscholT bodies and perivascular fibrosis) m all tlieir cases Appar- 
ently those arc of slight functional significance, for Rothschild, 
Sacks and Libinan found httle alteration in tlic v entneuiar com- 
plexes of the electrocardiogram, although proloiigotion of the P-R 
interval was present ui lU of bt cases 

Abnormal Rhythm — A change in tlie r ite or rliythm of beat may 
so diminish the accomplishment of the heart tliat cardiac failure 
results Rxceptiunally the change m rhy tlim or rate se causes 
heart failure, and with reversion to the normal sequence of beat 
the circulation returns to normal Tins is seen especially m par- 
oxysmal tachycardia Much more often, the precipitation of car^ 
diac failure by arrhylUnua oteuw in a lieart already tbe seat of 
manifest disease, and the change in rate or rhytiim is only one of 
the factors leading to cardiac insufficiency In this respect, fibrilla- 
tion of the auricles is by far the most important of the disorders of 
the heart beat, altliougli other disturbances of rate or rhy tlim may 
hav e the same etfect 

Auricular Fibrillation —There is ample clinical evidence that 
auricular fibnllation lessens the functional capacity of the htart 
One often encounters individuals with mitral stenosis or other dis- 
eases of tlie heart who arc well compensated until the auricles begin 
to fihrillate, tlien, manifestations of heart failure quickly appear 
It 13 true tliat tliere are also instances in which auricular fibrillation, 
especially when well controlled by digitalis is compatible with a 
fairly actn e life But such patients can rarely carry out as vigorous 
exercise as when the rhythm was regular In paro-Qsmal auricular 
fibrillation tlie only subjective tomplamts may be of palpitation, 
due to the rapid and irregular beat, and not of the consequences of 
heart failure However, with rapid ventricular rates tJiere can be 
little doubt tliat during the episodes the functional capacity of tlie 
heart is diminished 

The evidence is unequivocal that auricular fibrillation tends to 
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decrease cardiac output In the experimental animal, Stewart®* 
and his associates have shown that rapid auricular fibrillation dimin- 
ishes the output of the heart The firat measurement of cardiac 
output m human fibrillation was made by Lundsgaard, who found in 
one subject that the minute volume was less than when the rhythm 
was regular Smith, Walker and Alt” found m 3 patients with 
auricular fibrillation that the restoration of normal rhythm with 
qumidine w as follow ed in 2 instances by increase m cardiac output of 
29 and 31 per cent, respectively, while the third showed no change 
Kerkhof®® studied the cardiac output by tlie acetylene method in 
9 patients with mitral stenosis before and after the restoration of 
normal rhythm bj means of qumidine, the minute volume averaged 
25 per cent more when normal rhythm was present Harrison*® 
and his associates found tlie cardiac output in heart failure about 
the same whether or not auricular fibrillation was present, but m 
the absence of failure the output was somewhat less in fibnllators 
than in those with normal rhy thm The detailed studies of Stew art®’ 
and his collaborators showed that when a patient with auricular 
fibrillation returns to sinus rhythm the cardiac output per stroke 
and minute, the work of the heart, and the velocity of blood flow 
all increase, the reverse changes occur with change from sinus 
rhy thm to auricular fibrillation 

Fibrillation of the auricles adv erselj affects the functional capacity 
and lowers the output of the heart in several ways 

1 When the conductivity of the bundle of His is unimpaired, 
the ventricular rate is rapid This abbreviates the diastolic rest 
period and predisposes to myocardial fatigue especially if the 
muscle is diseased or the veutncles are forced to perform added 
work because of hypertension or a valvular defect 

2 The ventricular rate may be sufficiently rapid to impede 
adequate diastolic filling of the ventricles 

3 Impulses are transmitted along the bundle of His at irregular 
intervals Some ventricular systoles are thus evoked so soon after 
the preceding contraction that the filling of the v entricle is small 
and Its contractility not yet iully restored The result is that the 
systole does not open the aortic valve or does so but feebly and a 
pulse deficit results A large pulse deficit is usually accompanied 
by severe heart failure 

4 The fibnllating auricle propels practically no blood, with the 
result that the quota of ventncular filling due to auricular svstole 
IS lost Experiments by Lewis,** Hirschfelder," Gesell,“ Wiggers 
and Katz,« and others indicate tliat normally auricular systole 
13 probably responsible for about 20 to 35 per cent of the total v en- 
tricular filling However, the importance of auricular contraction 
doubtless vanes greatly with the conditions, and appears to be 
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cbpecially significant when there is tachycardia, functional impair- 
ment of the \ entricles, or mitral stenosis 

(fl) If tlic heart rate is slow, diastole is long enough to allow rela- 
tiselj complete ventricular fiUuig by the venous pressure On the 
other hand, when diastole is shortened in tachy cardn, auricular 
contraction would seem to be more needed for the filling of the 
ventricle 

{b) As pointed out by Gesell, auricular systole increases tlie 
cflicicncy of the ventricle not only by tlic augmented filling as such 
but also by heightening tlie initial tension and augmenting the 
initial length of the muscle fibers, the result of which, accordmg to 
Starling’s law of the heart, is more powerful ventricular contrac- 
tion Ihis factor is probably especially important when the ven- 
tricle IS diseased, for a functionally impaired ventricle requires a 
larger diastolic filling to perform the same amount of work 

(c) In mitral stenosis, ventricular filling is hampered by the 
increased resistance to flow, which renders the aid of auricular con 
traction all the more necessary for the filling of the v entricle That 
the auricle does perform more work in mitral stenosis is shown by 
Its hyiiertrophy, and its functional cluaination is correspondingly 
more important 

5 In addition to favonng tlie appearance of heart failure, another 
deleterious consequence of auricular fibrillation is tliat it promotes 
the formation of auricular thrombi, which may embolize (page 520) 

There can be no doubt that, m moat eases at least by far the 
more important elements m the genesis of heart failure precipitated 
by auricular fibrillation ore those due to the rapid and irregular 
action of the ventricles, and not the loss of the motor power of 
auricular systole This is shown by the great improvement that 
takes place, despite the persistence of fibrillation of the auricles, 
when digitalis slows the ventricle It is when the ventricular rate 
isveryrapid abovelSOperminUte that heart failure is most severe 
Contrariwise, these cases of auricular fibrillation with a relatively 
slow ventricular rate due to impaumeat of auriculo-ventncular 
conduction, usually seen m elderly arteriosclerotic individuals, often 
have comparatively few symptoms of heart failure 

The clinical manifestations of heart failure precipitated by 
auricular fibnllation will be considered m conjunction with the 
underlying diseases Here it may be remarked tliat the pattern 
of lieart failure evoked by auricular fibrillation is greatly affected 
by the conditions under whidi it occurs Thus, m mitral stenosis 
without previous pronounced heart failure auricular fibrillation may 
produce intense pulmonary engorgement with little systemic venous 
engorgement evidently, the effects of tlie fibrillation and the ob- 
struction at the mitral orifice are summated m the pulmonary 
engorgement Contrariwise, m patients with mitral stenosis and 
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marked pulmonary engorgement, the onset of auricular fibrillation 
may so dimmish the functional capacity of the right \ entricle that 
the tension m the pulmonary circuit falls and d> spnea and orthopnea 
lessen pan passu with increase in systemic venous engorgement 
The onset of auricular fibrillation, especially the paroxj smal form, 
IS sometimes accompanied by faintness and other manifestations of 
cerebral ischemia 

Other Arrhythmias — Premature contractions are rarely significant 
for the functional accomplishment of the otherwise unimpaired 
heart This is especially true because when the heart is strained bv 
exercise the resulting acceleration in rate usually is accompanied 
by disappearance of the extrasystoles Such symptoms as prema- 
ture contractions occasion in those without heart failure are usually 
evident only in hyperesthetic individuals, and consist in conscious- 
ness of the extrasystole, the compensatory pause, or the ensuing 
strong systole with its large arterial wave Rarely, a run of extra- 
systoles or an unusually long compensatory pause produces faintness 
from cerebral ischemia (page 282) On the other hand when the 
heart is functionally impaired, it would seem that frequent pre- 
mature contractions, especially of ventricular origin, may prove a 
serious added burden Premature contractions whidi do not open 
the semilunar valies result in expenditure of cardiac energy with- 
out corresponding accomplishment which, when often enough 
repeated, is doubtless a significant contribution to myocardial 
fatigue m an already stramed heart Wenckebach and Wmterberg** 
have observed that during runs of ventricular extrasystoles the 
cervical veins may become distended and the auricles dilated (seen 
fluoroscopically) 

The effect of auricular flutter on the circulation is largely depen- 
dent on the ventricular rate If the ventncle responds to every 
third or fourth auricular beat, so that the v entricular rate is little 
or not at all accelerated, symptoms of heart failure may be evoked 
by only considerable exertion ^Vhen the ventricle responds to 
every second auricular contraction and has a rate of about 130 to 
160 per minute, the functional capacity of the heart is greatly 
dimimshed and severe failure may develop, especially in those 
with pre-existent limitation of cardiac reserve Stevsart” and his 
associates found that auricular flutter is accompanied by decrease m 
cardiac output per beat and per minute In Edition to symptoms 
emanatmg from pulmonary and systemic venous engorgement, 
there may be protracted mental torpor and Cheyne-Stokes breath- 
ing, evidently due to deficiency in cerebral blood flow There are 
also instances of auricular flutter m which the ventricular rate is of 
the order of 140 per minute for weeks and even months and yet 
the sy mptoms are only palpitation weakness, faintness, and vertigo, 
with dvspnea present only on unwonted exertion In paroxysmal 



354 THE MECHANISMS OP HEART FAILURE 

flutter, the symptoms are akm to tliose of paroxysmal tachycardia 
(page 012) and may consist in merely episodts of famtness or 
vertigo In the rare inro^sms of auricular flutter m which the 
^c^t^lck responds to e\ery auricular contraction and thus has a 
rate of 240 or more ptr minute, tlie patient may fall unconscious 
or have an epikptiform comubioii 

Ventncular fibrillation is an arrlijthmm inconsistent witli tJie 
iiiaintcnnncc of significant cardiac output, the result is that the 
circulation ceases witli cousctiuent loss of consciousness and dis 
appearance of tiic pulses Wtll^tablishcd instances of ventricular 
fibrillation viith survival art those recorded by Ivcrr and Bender^ 
and ScJiw art/ and Jt/er * in complete heart block, (page 2S0) 
Ventricular (ibrillatiun inaj occur in the d>ing heart though appar- 
ently It 13 not the rule Ekctrocaidiographically, llobinson** 
detected \ cntncular fibnllatioii in 2 of 7 persons dying of acute 
infectiuns, altliough in 1 the rhythm again became regular before 
the end Ilalsej” obtained the typical electrocardiogram of len- 
tricular fibrillation m an individual djing of pneumonia SlacWik 
ham*' long ago suggested that sudden death m angina pectoris and 
other forms of heart disease is due to v entriculor fibrillation In 
coronar) thrombosis, at least, this would seem verj probable, for 
expcrnncntal occlusion of a large coronal^ trunk may lead, following 
periods of multiple ventricular cxtrasvstoks and ventricular tachy- 
cardia, to ventricular fibriilatioii Smith’* was recently able to 
demonstrate clcctrocardiograpliically that ventricular fibrillation 
preceded sudden death in a patient who had suffered myocardial 
infarction a few hours previously Ventricular fibnllation probably 
IS concerned in death from electrocution Experimental findings 
indicate that sudden dcatli following the administration of chloro- 
form digitalis, strophaiitlun, qumidme, or cpmephriii may some- 
times result from ventncular fibrillation Sudden death due to 
fright has also been attributed to ventricular fibrillation, but this 
13 merely a hypotliesis 

Paroxysmal tachycardia and heart block are considered in Chapter 

W’ll 

Oveisatsrtiou — Ovtrextiiioiv was foiniesly highly ealeetaed aa a 
cause of heart failure \Imost always, however, this occurs in 
individuals with previously diseased hearts, and even then is prob 
ably not nearly as common as was thought 

Lsercise —I xercise increases the work of the heart through 
augmentation of both factors— the cardiac output and the average 
aortic pressure— which dcteimme the cardiac load Christensen** 
has shown tliat during violent exercise trained athletes can increase 
the cardiac output to as much as 900 per cent of the resting value 
During vigorous exercise the systolic pressure rises above 180 mm 
of mercury with little change m diastolic pressure, although the 
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latter sometimes falls (Unpublished observations by Dr E Z 
Epstein and the writer ) The trained athlete can thus increase the 
work of the heart by the order of 1200 per cent ^Miile the un- 
trained individual cannot attain such height, nevertheless he can 
augment cardiac work five or more times 
Pan passu with the increase in canliac work due to exercise, 
the diastolic rest period is diminished by tachycardia 
The combination of more work and less rest would seem ideal for 
the provocation of heart failure Nevertheless, it is extremely rare, 
if it occurs at all, that the prev louslv healthy heart should fail as 
a result of overexertion A few cases are recorded in which sucli a 
consequence of events seems probable Perhaps the most striking 
are two personal experiences of Allbutt,* following an Alpine climb 
and running after a tram he became spneic and remained incap- 
able of much exercise for a time On each occasion he was able to 
demonstrate dilatation of the right heart bj percussion Perhaps 
the reason that o\ erexertion so rarely leads to failure of the healthj 
heart is that the limits of exercise are not determined by the heart 
alone but rather that ‘ the sum of the changes taking place through- 
out tlie body brings about the final cessation of effort (Bambndge*) 
Apparently, exercise is stopped by other limiting factors before 
the healthj heart is overstrained The limitations imposed b> the 
inextensible pericardium probably serv e to prev ent acute and pro- 
nounced overdistention and consequent failure (poge 303) 

In the vast majority of instances including all that I have seen, 
in which heart failure followed great physical effort, examination 
and subsequent observation reveal that the heart was previously 
diseased In individuals with heart disease, either the initial 
decompensation or intensification of pre existent heart failure occa- 
sionally follows such ov erexertion as running after a street car or 
lifting a heavy weight This seems to be more apt to occur in 
persons with coronary arteriosclerosis than in those with valvular 
defects In arteriosclerotic, hypertensive or syphilitic heart dis- 
ease, either angina pectons, or more rarely left ventricular failure 
with pulmonary edema, or even sudden death, may be precipitated 
by overexertion That subjects of coronary arteriosclerosis should 
be especially susceptible to deleterious effects from overexertion 
seems readily comprehensible in view of the obstacles that the 
narrowed coronaries must offer to an increase in the blood supply 
to the heart commensurate with tlie greater work, Bambndge* 
estimates that durmg severe exercise coronary flow may be seven 
times greater than during rest Nevertheless the number of cases 
I have seen in which the preapitation of heart failure could be 
attnbuted with fair likel hoixl to overexertion has been small It 
should, however, be mentioned that this is not the experience of 
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all others, Wollheim” found that overexertion \\a3 concerned in 
tlie induction of 01 of 200 instances of cardiac decompensation 

Coitus involves an exertion that is especially apt to lead to acute 
cardiac failure in those with a diseased, notablj arteriosclerotic, 
heart Some vears ago a woman with mitral stenosis was admitted 
to Bctli Israel Hospital with fulminating pulmonary edema that 
had followcxl immediately after coitus, she had had two previous 
similar episodes In the arteriosclerotic subject, sudden death 
dunng or following coitus is not a great rarit> Perhaps one factor 
in tlie pathogenesis of such heart failure is the extreme tachycardia, 
Boas and Goldsdimidt' found with their cardiotachometer tliat 
iluring intercourse the heart rate inaj reach 145 jier minute 

Clinical experience indicates that continued hard work favors 
the decompensation of tlie diseased heart Wlijle statistics on the 
pomt are hard to obtain, I have tlie impression tliat the compen- 
sated stage of valvular and other forms of cardiac strain docs not 
average as long in working people asm tiiose who can afford leisure 
Chnicii o^rvation also indicates tliat hard physical labor over 
inanj >ears favors the progress of arteriosclerosis Tliese dele- 
terious elTects of long-contiuuexl labor on tlie heart and arteries are 
doubtless signiBcant in Uie explanation o! Pearl s finding that length 
of life tends to vary invcrsciv with the mechanical work performed 
during the course of life 

Another and raucli disputed question is whether such athletic 
activities as competitive rowing, football, etc, which produce 
cardiac h>'pcrtroph> , ultimately feud or predispose to disease of the 
ongmally healtliy lieart— “athletic heart ’* 'ihe problem was stud- 
ied by Dublin,** who mv estigated the life histones of 5000 college 
athletes He found that while 20 per cent of deaths among insured 
persons after the age of forty-five years ate due to heart disease, 
among athletes iii tins group 32 per tent sueaimb to cardiac disease 
According to Dublin, this “suggests, even if it does not prove, that 
indulgence in athletics may in a good many instances have dele- 
tenous effects on the heart " But it should be remembered m this 
connection that most of these deaths after forty-five years are due 
to coronary arteriosclerosis and thrombosis a disorder to which 
those of sthenic bodily habitus are predisposed, and most athletes 
are of tins constitutional type 

Related Causes of Cardiac Strain —Pregnancy, obesity, over- 
eating, overdrinking, and surgical operations may burden the heart 
m w ays that are related to the effects of physical exercise and there- 
by precipitate failure of the diseased heart In order to avoid repe- 
tition, these factors will be consideml in the sections on Treatment 

Relations of the Blood Volume to Heart Failure —Increase in 
circulating blood v oluine has been considered as a cause of heart 
failure (page 73) It is true that in most instances of heart failure 
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the circulating blood volume is increased However there is good 
reason to believ e that the increase in circulatmg blood volume is 
a consequence and not a came of heart failure (page 72), although 
it may m turn evoke symptoms through augmenting passive en- 
gorgement of the lungs or other parts 

The example of poljcythemia vera shows that the circulating 
blood volume may be enormously increased without enhancing the 
work of the heart to a significant extent In this disease the cir 
culating blood volume may be double the normal for many years 
without resulting in cardiac hjT)ertrophj (See Harrop” for htera 
ture) The latter would doubtless appear if cardiac work were 
notably augmented over so long a period What is perhaps sur 
prising IS that the greatly increased viscosity of the blood is not 
more significant for the dynamics of the circulation Viscosity 
affects circulatory dynamics through increasing peripheral resis 
tance The absence of high blood pressure in many of the cases 
thus shows that the augmented viscosity has had little effect on 
blood ffow The explanation perhaps is afforded by axial flow of the 
corpuscles m the small vessels onl> a lajer of plasma comes in con 
tact w ith the v essel wall so that peripheral resistance is not increased 
as much as might be presupposed WTien heart failure develops 
m pol}c> themia as it often docs in long standing cases it results 
from hjiiertension or coronarj arteriosclerosis and thrombosis 
which are common complications 
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cn VPTLIl \\ 

ENL\UGLMEN1 01 THE HI ART 

lut &i7t of I chmibcr of tlic heart is largely determined b\ 
the ratio of its fuiictiond cipacity to the work which it is called 
upon to perform If tlie latter is diminished the chamber tends to 
utrophj Ihe outstanding clinical example is the atrophied left 
\cntriclc in rchtndy pure mitral stenosis dating back to early life 
1 ir more common and important however, is the contrary dis- 
placement of the ritio between functional capacity and work 
tlemandol iiamelj that m which the former is decreased relative 
to the load In either event there spring into pla> mechanisms 
(Chapter Will) which tend to restore tJie original equilibrium 
between functional capacity and work called for Among these 
mechanisms arc dilatation and lijpertrophy of the heart which 
constitute tlic substrata of cardiac enlargement 
Ihi, evidence t“stablislimg the corapensatorj function of cardiac 
hjpertrophv and dilatation is reviewed m Chapter Will There 
arc cited the experiments of Starling and his followers showing 
that III the heart lung preparation (1) There is a direct linear 
relationship between the work and the diastolic volume of the 
heart and (2) tlic size of the heart tends to vary inversely with its 
functional capacitv 

lhat the principles shown bj Starling to govern the size of the 
heart of tlic experimental animal also apply in human patliologv 
would seem both a prion and m the light of the evidence discussed 
ill Chapter W III verv probable Starr Collms and Wood** have 
ailducnl quantitative support of the conception In 50 subjects 
both liealtliv and with hj'pertciision valvular defects and other 
forms of cardiac strain thev measured the area of the cardiac szl 
houette and calculitcd the work of tlie left ventricle from the 
product of the average arterial pressure and the cardiac output 
Vv\ vw wnprovcvl eXVvsl vodvde method Stars awd his, 
associates found that when the size of the heart was plotted agamst 
the work performed there was a fairly close linear relationship for 
the normals and the cardiic patients without heart failure On the 
other hand this linear relationship did not hold for those cases m 
w Inch heart failure threatened then the heart was disproportion 
atelv large in comparison to the work performed 

Clmical Interpretation of Cardiac Enlargement —In the light of 
the foregoing it would seem that to the clinician enlargement of the 
heart indicates Hat the organ w laboring under difficulties due to a 
relalite increase m the rwfw qf load to functional capacity and is 
(360) 
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fending to overcome the consequent emharrassment by the compensatory 
mechanisms of dilatation and hypertrophy 

Since enlargement of the heart is merely the expression of com- 
pensatory mechanisms, it will be dear why there is no strict propor- 
tionality betneen the extent of the enlargement and the peripheral 
eiidences of heart failure Thus, one not rarely encounters large 
hearts in patients with aortic reguigitation or hypertension who 
are able to perform hard work with little handicap Nevertheless, 
marked enlargement of the heart is of unfav orable prognostic sig- 
niBcance This is because hy pertrophy per se causes little enlarge- 
ment of the heart so that any considerable increase in the size of 
the cardiac silhouette bespeaks notable dilatation, and dilatation 
IS but a precarious compensatory mechanism alw ay s liable to gi\ e 
w ay Of especially bad prognostic omen is progressive enlargement 
of the heart, which shows that the disproportion between functional 
capacity and load has not been entirely remedied by the existing 
degree of enlargement so that further dilatation is called for, a 
compensatory mechanism which sooner or later reaches its limit 
(page 303) On the other hand, decrease in size of the enlarged 
heart IS a fa\orable harbinger revealing that less dilatation is 
necessary to meet the load Such regression of dilatation may be 
due to lessening of the load, as following recovery from acute 
glomerulonephritis with hypertension Or it may be the result of 
improvement in the functional capacity of the myocardium, as 
illustrated ui recovery from post-diphthcntic heart disease where 
the diminution in the size of the heart may be striking In children 
there may be considerable diminution m the size of the heart fol- 
lowing bouts of rheumatic fever Here, m addition to improvement 
in the functional capacity of the myocardium, there is probably 
substitution of hypertrophy for dilatation Marked decrease in 
cardiac size is seen m the myxedema heart following the adminis- 
tration of thvroid (page 592) Diminution m cardiac size following 
digitalization is discussed on page 697 Despite these examples, 
and others that could be cited, it is worthy of emphasis that defi- 
nitely demonstrable decrease m the size of the enlarged heart is 
unusual One must be careful not to confuse changes in the area 
of the cardiac silhouette due to variations m the height of the 
diaphragm or other alterations in the position of the heart with 
actual changes in cardiac size 

Cardiac failure of any considerable (more than a few days) 
duration is practically mvanably accompanied by more or less 
cardiac enlargement, altliough this may be difficult to demonstrate 
clmicallv because of the notable variations in the size of the healthy' 
heart However, I have never failed to observe at postmortem 
enlargement of one or more chambers of the heart when there was 
definite evidence of heart failure (other than agonal) during life. 

23 
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Iiidci'd t\cii \ir\ bruf ctnliic fulurc iinj result in consulcnlile 
(Iihtituinof tin, Inirt It ihtruc tint m some pititnts with euro 
n ir\ irttno'itltro'iis or s\p]iilitic ourtitH who siicciimb to coroinrv 
throinhosis or mrrowinf^ of tlic mouths of the coronary irttnes 
(lilititioii iml hvptrtrophv be 'ibseiit But in such cases the 
sMiiptoms irc not due to motor iiisuffiticiice of the heirt but were 
iiiRinil ininifcstitiona prtsumiblv resulting from ischemia of 
the licnrt muscle such s\ mptuins m i% it times so closely simul ite 
ffre tfc spire i of ficirt riifure as to be practicihs incfistintuisfiiWc 

CUNICAL RECOGNITION OP CARDIAC ENLARGEMENT 

1 lu ehntei m is touceriied not oiiK with the rLtO|.nitioii of c irdi ic 
enlirgemeiit hut also m establishing which ehamiHr or clumbers 
iremvoKcsl It i» liso ijjipj)rt.int to determine sofir isfeisible 
the extent to which h\])ertr«)phj iml dilatation pirtiopato m the 
cnl irgcment I \i<le«cc ropmhng these jioints is ilfordcd bv botli 
the pliNsitil iwd the roentgenologic \l eNainuutions which shouM 
eoiiipknunt one mother »nd therefore will be considered together 
In some nist iiices the detenumition of tlie clcctricil axis ind 
certain other fc itures of the electroamliogram afford \iluible 
inform ition rcgirdmg tlie (baiuber mxohcil 

It cannot be empbisirul too strongl> thit ileijuitc interpret i 
turn of c mil le cnl irgcmcnt rests on the detcrmin itioii of the contri 
button of the indie ulu d cli uiibcrs to tlie -rngineiit ition in the \ olunie 
of the heart I here should be i chunberb' chimhcr ainl^sisof 
tlie he.irt lor this rcisou the iii imfest ition^ of enhrgcmcnt 
of the single eliiiiibcrs of the Iicirt will be considered successuelv 
in the follnwiiip 1 or i splcnibd exposition of the rocntgcnrgnphic 
uitl cicctrocmhogr iphic changes corrclatcxl with the individual 
forms of cinliic cnlirgcinent the rexler H rcfcrrol to Master s“ 
recent monognph Dctids regmimg ill ispcets of the roentgenol 
ogj of the hcirt irc uithoritativch presented in Hoc Icrs'* com 
prehciisivc siirvcv 

The Left Ventricle — llieimestigationsof Kircli (CJnpter \^ III) 
sliowcd tint hyjertmjhy of the left ventricle secondar.v to hvpei 
tension or lortic vihulir defects begins m the outflow tract i e 
tint pcrticin of tlie ihimbtr which extends from tlie apex to the 
lortu orifice lliesc studies revealed further that at the verj 
beginning not even the entire outflow trict is involved Inpcrtrophy 
13 mitiatcsl in the tcnnmal porbon of the outflow trict under the 
aortic V live ami onlv sub equeiitiv reichcs the apical portion of 
the trict Still Utcr the hvpertropbj extends to tiie inflow tract 
progressing from the ipc\ to the mitral valve These anatomical 
findings elucidate the long known fict tint the cariv stages of 
ii j pertrophi of the left x entncle cause no demonstrable enlargement 
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of the heart Tor the terminal portion of the outflow tract adjacent 
to the aortic orifice does not reach the borders of the heart as 
determined b> percussion or radiographic evamimtion with the 
usual dorso-i entral illumination, and is also difficult to outline 
clearly bj radiography in the oblique or lateral positions Quite 
commonlj , therefore, one is unable to demonstrate enlargement of 
the heart in individuals with asvmptomatic essential hypertension 
or aortic \ai\uhr disease of some years standing, despite the facts 
that left axis deviation is present m the electrocardiogram and 
postmortem experience teaches tliat such persons invariably 
exhibit at postmortem hy pertrophy of at least the outflow tract in 
the left ventricle 

Only when the hypertrophy has become more massive and 
involves the entire length of the outflow tract down to the apex 
and the apical portion of the inflow tract do the first clinically 
demonstrable evidences of cardiac enlargement appear, and even 
then they may be uncertain As a result of the hypertrophy of 
the apical portion of the heart, there is often a rounding of the 
apex and an increase m the outward convexity of the lower portion 
of the left border of the heart which may be very characteristic m 
tJie fluoroscope or roentgenogram The rounding is generally best 
visualized during mspiratiou when the decent of the diaphragm 
exposes to view a longer arc of, or the complete, left border One 
of the results of the rounding of the left border is that the left most 
point of the border is situated much higher on the left v entncular 
arc than normallv At this stage of the process, m addition to round- 
ing of the left border, elongation of the left ventricle is often definitely 
demonstrable on fluoroscopic examination I do not know whether 
elongation of the left v entricle due almost entirely to hy pertrophy 
is tv er considerable enough to be demonstrable by phv sical exam- 
ination as a result of downward displacement of tlie apex beat to 
the sixth interspace, but do not recall any instance m which this was 
definite It seems doubtful that hv pertrophy of the left ventricle 
IS ever massive enough to cause, per se, 'jufficient increase in the 
transverse liiameter oi the heart to he definitely recognizable as 
abnormal When the heart is broadened bey ond cav il, considerable 
dilatation is present 

A physical sign that mav reveal hypertrophy of the left ventricle 
before enlargement is unequivocally demonstrable is the heating 
apex beat A heavmg apex beat is one that imparts to the palpating 
finger the sensation of being lifted by a considerable force and 
“feels hard ’ Such a litaving apex l^at seems to be practically 
cliaractcristic of left ventricular hypertrophy and is not to be 
confused with a merely conspicuous apex beat of large amplitude 
or wide extent The latter is encountered m overacting or dilated 
hearts, or may be merely a consequence of an unusually thm chest 
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M ill or \\j»lc ipiiositioij of the heart to the pnnetes as in pulmonary 
ntractioii ihc apex bent ma\ lose its liea\uig cliiratter when 
pron unced dihtation siipirxcnca on previous Inptrtrophy llie 
litamig chantter of the aiJtx he it iii even iiiirkcd left veiitneular 
hv pertroplu inav not be demonstrable if there is pulmonary cinph\ 
siin i or i thick chest wall or if the apex is rotate-d awa> from tlie 
chest wall b\ coincident enlargement of the right ventricle 





Tia 7 — Hj-pe trophy w th el gbt d lata! oa of the left ' entr do dua to ao t c 
Btcaos i rolargpment reeult ag [ om oloogat on w b but si gbt b oadeniog of the 
left ^ entr Ic 


ith pronounced dilatation of the left \ entncle m hv perter sion 
and aortic defects the chamber is Ixith elongated and broadened 
so that the apex is displaced dovvnwarl and outward Ihc lesser 
degrees of dilatation imolvmg onlj the outflow tract cannot be 
recognized during lift Hus is often well seen in glomerulonephritis 
with death from uremia where necropsv ma> reveal pronounced 
dilatation of the outflow tract although the teleoroentgenogram 
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during life sho^^ed no enlargement The first roentgenological 
evidences of dilatation of the left ventricle consist in elongation of 
the chamber before tlie broadening is considerable enough to be 
unequiv ocallj demonstrable ^Vltll more marked dilatation the 
apex beat moves downward to the sixth or even the seventh inter 
space and outward bejond the normal limit of about 10 cm from 
the mid line in extreme instances it may pass the anterior axillary 



Fig 8 —Hypertrophy and dilatal on of the left \entr cle lesser enlargement of the 
rght\enUic]c pulmonary eagorgemenl Pat cat mtb essent al hypertens on 


line In such cases roentgenographic examination with dorso 
ventral illumination reveals that the left ventricle has a markedly 
rounded left bonier with the result that the chamber appears like 
an obliquely placed egg tlie long diameter extending from the mid 
line downward and outward TTie elongated ventncle may reach so 
far into the diaphragmatic shadow that the egg like shape and 
rounding of the left border are apparent onlj during deep inspira 
tion Examination m the left anterior oblique diameter (left 
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slioukkr to tkt. bcrccn) rcNctUa markul b\ilj.ing of the lower portion 
of llic posterior surhtt of the left \tntriclt into the rctrocardiac 
spict M) that It reicliLs or pisses well oMr the \trtcbnl shadow 
tins posterior tnlarj^cintiit in u he dtim iistrahle w itli hut mo kratc 
dilatation \ccordtng to the anitoinicil studies of Kireh (page 2‘JS) 
the form ( f the enhrgcincnt of the ililiteil left \tntnde iiiaj afford 
infonnation la to the nature of the dilat ition lie foun I that in 
tono^cme dilatation <Uie to mettose in tlie work of the left \en 
triele (c g lupertension urtic insuffieiencj) the dilatation con 
sibts preHloriiunntl> of elongitioii On the other hand in mvo- 
genic dilatation due prim inK to injocanhil damage (e g ni\o- 
enrditis arterii sclerotic imomalacia) the dilatation is djrninattd 
b\ hroadening llicse anitoiimil findings would seem m genera) 
to 1m. Imwiic out l>> roeu{t,ei»>logic olteers vtions 

In Injiertnijihj anil diliilatini of the left \cntncle settnJarj to 
wn/ra/ inaijficiemj llie form of the left sentrule is soinenlnt 
diiFcrent from that ]ust de-scnl)e»l as oecurrmg in aortic \aUular 
and h\purtensi%c disease In mitral nisu/fieiencv Inpcrtnpln 
and dilatation are not imtinted so predoininantK in the outflow 
tract init arc generalh most market! in titc earlv stages in the 
beginning < f the inllow tract under the mitral \ ah e I hat e had no 
o]>])ortiimtt to ob-tcrtc at the imslinortem table whether iJJatatiun 
and Inpertropht of the left ttnlriele is ictuall> initiated r hlg m 
this part of the left tentricie just mnlcr the mitral taKe But the 
predominant dilatation ind h>pertrop])> if tlie beginning of the 
inflow tract in mitrd regurgit itiuii is often csident in the roentgen 
picture as t pwmmciice aiwl roundm„ of the upper portion i f the 
left horler of the left ventricle so tint it appeirs to he enlarged 
upward an 1 more nearlj spherical than usual 
The Eight Tentncle — I iidcr nunnal eircumst incts the nglit 
ventricle foniis the larger part of the ulterior surface of the heart 
However it does lut rcitli either of tlie laterd borders being 
separatesl from tlie right liorder In the right auricle an I from tlie 
left bv a narrow strip of the left ventricle 1 clow and bj the pul 
monarv arterv and left aunciilar apjicn lage above OnI\ evception 
allv m mdividuils with i low diaphragm d es tie right ventricle 
form a «.mal\ jvortion of ifw right border above the dvaphTagm 
Because of this enclosed situation there in ij be ti nsiderable hvper 
trophj of the right ventricle without anj alteration in tlie size or 
shape of the heart as demonstrated bv j)ercussion or roentgen 
examination w ith dor&o v entral illumination 

In ana!og> with tlie course of events in tlie left ventricle hvper 
tropin of the right ventncle starts m the terminal p irtion of the 
outflow tract i e the pulmoiiarj conus (page 2Jb) \\hen of 
sufficient degree tins enlargement of the pulmonarv conus fills out 
the concave recess in the left border of tlie heart between the left 



CLINICAL RECOGNITION OP CARDIAC ENLARGEMENT 367 


\eHtrjcle and tlie aorta so that the middle segment of the left 
bonier becomes straight or e\en, if the enlargement of the conus is 
sufficiently pronounced, con\ex to the left Because it is seen most 
often in mitral disease, this change m the configuration of the left 
border of the heart is knoan as “mitralization ” The best example 
of mitralization due entirely to the enlargement of the right \en- 
tncle proper is encountered in congenital pulmonary stenosis 



Fig 9 — Enlargecnent of the right ventnrle manifested by straightening of the 
left border and broadening of the heart The banum filled esophagus is bent to 
the right by the dilated left auricle Patient uith mitral stenosis 


Ho\\e\er, in most of the conditions leading to hypertrophy of the 
nght \entncle (mitral disease, antecedent left-sided failure emphy- 
sema, and peculiarly enough some cases of pulmonary stenosis) 
there IS accompany ing dilatation of tlie pulmonary artery, and in 
tlie case of mitral disease of the left auricular appendage as well 
The result is that the filling out of the concavity of the left border 
("mitralization ’) is generally due not only to the enlargement of the 





3G8 


ENLAHaE^IE^T OP THE IJhART 


pulmonarj conua hut also to dilat-itjon of tlie pulmoiurj artery 
and left auricular apjjcndagc Indeed, it acema tli it most often 
tlie dilatation of tlit puhnoii-irj artery is the most important factor 
in producing a prominent lomcxitj of the middle arc of the left 
border Lesser degrees of cnlji^meiit of the pulmomrj conus ire 
often more clcarl> Msualized bj rotating the patient slowly toward 



Fio 10 — Marked eolargcmcnt of the pulmonary artery in mitral stenos s 


the right anterior oblique position (right shoulder to the screen), 
but it should be remembered tlut e\en normalij the pulmonary 
conus raaj be prominent m tbis position On some occasions in 
i\ hich marked h> jicrtrophj of the right a entride is unaccompanied 
by dilatation of the right auricle the right ventricle ma% be % isuol 
ized at the right border of the heart just abo\ e the diapliragm during 
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inspiration ^^hen the patient is rotited sligMlj toward the right 
anterior oblique position 'M'irls£d h\pertrophj of the right ven 
tricle maj be evidenced even before it can be demonstrated roent 
genologicallv bv epigastric pulsation the latter must be diiTeren 
tiatevl from hepatic pulsation 

It seems doubtful that hvpertrophv of the right ventricle is ever 
considerable enough to cause and without dilatation increase 



m the maximum transverse diameter sufficiently above the normal 
to be unequivocally pathological But when dilatation supervenes 
to an;, considerable extent the heart is broadened The enlarging 
right ventricle displaces the right auncle to the right with resultant 
broademn^ of the heart m this dirwtion The left portion of the 
dilating right ventricle reaches the left bonier of the heart taking 
the place of tlie left v entncle in forming this border and in extreme 
cases may ev en form the apex of the heart The result is an increase 





J70 


L\L\nGn^fENT Of THIS HEXUP 


m flit trms\(rt>t «]j imeter of tlit lu irt ttliich extendb f ir bt\on(l 
the norm il lunita to hofli the niul tht left Since inarkit] 
of tUe T\Kl\t. \ettlsick w \Us \\s \ttoinpanic\i 

1)\ (lilititii n of flit j)j,ht luncle tlit tonstqiiciue is tint iinicas 
tilt left \tntntlt 13 also inrrlulH tiihrgtcl tlit cirdnt shadow 
txttiwls as f ir or further to tht right is to tlit Itft of tht nnd line 
iiiil jirtsciits i rou;,hl\ trnngiil ir outline oitli in ilinost horizontal 
h tst on the ill iphragui 1 nlari,t»«.nt of tht nglvt s tutriclc inert isca 
tilt iiitcro posftrior cJ» lUitUf of the Jietrt is rin l-ic sttn exitu 
in itiun in tlit kft uitirior oblique uul ] tter tl p )••ltu ns Ilut it is 



lio 1’’ Tl « s-isne P<it TOt as r * l«thUc ghl b 1 o Met to the screen The 
pnlar(.eil left aurirle of I temirs the reOuronl ae spa c anii 1 sr la cs tl o ba om 
GlleO csop) sgus b ickwarj 

to lie rtincinhercd tint in initril el» ease tlie principal taust of m 
crcise in the intero jiostcrjor diameter is dihtition of the left 
auntie 

I nlargcnient of the right \entricle results in rotation of the he irt 
This 13 due to the fict that theenlirging rij,ht \cntricle metis with 
resistance from the cheat iv ill in front and from the diaphngni 
below In constqucnce oa described b% Assmann • the heart is 
rotated around its long asis in what would be a clockwise direction 
when Mewed from the apex The results of tlie rotitioii of the 
heart ha\c been carcfuflj studied by kssmann wlio described 
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them ds folloTiNS The first part of the aorta and the pulmonary 
artery are rotated to the left, the left auricular appendage and 
the left \entricle posteriorly, the left auricle to the right and ante- 
riorly, and the right auricle anteriorly This rotation plays a 
significant part in producing the straightening of the left border 
and the broadening of the heart to the right that characterizes 
“mitralization ” 

The Left Auricle.— In health, tlie left auncle lies almost entirely 
on the posterior aspect of the heart The only portion of the 
chamber %\hieh reaches the lateral borders of the heart is the left 
auricular appendage, the tip of which curves anteriorly so as to 
form part of the left cardiac margin between the pulmonary artery 
abo\ e and the left \ entricle below And in all but the most extreme 
degrees of dilatation of the left auricle, the auricular appendage 
remains the only part of the chamber that can be visuihzed by 
means of sagittal illumination Assnnnii has found bv compvra- 
tiv e radiographic and postmortem studies that when the left auricle 
IS dilated, the auricular appendage forms at mo»t a thin margin 
to the left of the pulmomrv conus which is itself enlarged in 
ppacticalK all cases of left auricular dilatation and serv es to hide all 
but the tip of the auricular appendage Indeed m cases of mitral 
disease, the rotation of the heart due to enlargement of the right 
ventricle (page 370) raav be sufficientiv marked to displace the 
auncle so far posteriorly and to the right that even the dilated 
auricular appendage is masked on dorso-v cntrtl illumination bv 
the enlarged pulmonary conus When, in a patient with mitral 
disease, one is able to demonstrate bv percussion a convex protru- 
sion of the left cardiac border in the vicinity of the third interspace 
it IS the pulmonary conus that causes the dulness and not the left 
auricle 

The reason that the left border of the heart is so little aflected 
by dilatation of the left auricle is that the enlargement of this 
chamber, which may attain prodigious extent (page 493), occurs 
behind the posterior aspect of the rest of the heart The expanding 
left autide fills, out tlve setrocardvac space between the heart and 
the vertebral column Furthermore, the rotation of the heart 
due to the almost invariably concomitant enlargement of the nght 
ventricle (page 370) occurs in such a direction as to rotate the 
dilated left auricle to the nght and, m extreme dilatation anteriorly 
The result is. as pointed out bv Assmaun, that the dilated left 
auricle penetrates between the right auricle anteriorly and the Inins 
of the nght lung posteriorly, and in extreme cases reaches to the 
nght of the nght auncle so as to form part of the right border of 
the heart 

It is only in exceptional coses that this course of ev ents can be 
made out by fluoroscopy orafilmtakenwithdorso-ventralillumina- 
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tioii In tlitot iiiiu^u il UL^tunccb tilt left luriclc cin be ^ctll tluougli 
the slmdow of the riglit iiiwclo to tLc right of the ini f line being 
(Iiirerentutcif b> its grcittr iltiisiU Uhen tlie diiitition 13 
grcit Liiougli tlii 3 bludow of thi, left vuncle rtschts fir tnougli 
to tin. right to form part of the right Iwirder of the huirt i he right 
border of the heart la then gcncrilK toinposexl of two ires the 
upper being tbit of tlie left tuntle iml the lower tlut of the right 



Fto 13 M t nl Btenos s h th ntmno rulargement of the left aur cle h cb forma 
If e I ebt sbaJow conat tut ng U e Upper arc of tho t gbt bo der of tbe betrt 


auricle Ilirel> the left uincle fonns the entire right border of 
the heart 

Apart from tiiebe extreme instinces one Ins to exainiiie tlie 
posterior isiicct of the he irt to eltmottstrate, dil itition of the left 
turicle Dus is iccorophshwl bs cximination in the oblique diam 
eters in w hicli the expansion of the dil iteti chamber into tlie retro- 
cardiac space cm be seen Vaquez and Bordet’® recommended that 




CLINICAL RECOGNITION OF CARDtiC ELLARGEMENT 373 


the examimtion he performs! in the right posterior oblique position 
(patient s b ick to the screen right shoiJder to the screen), the 
patient being rotated at an angle of about 50 degrees Assmann 
advises the use of the right anterior oblique position (patient facing 
screen right shoulder to screen) with rotation of about 70 degrees 
The Utter position has seemed to me the more useful because of 
the greater normal w idth of the rctrocardiac space In these posi 



Fits 14 Enlargcmeotof tb«nglits<leofthe)ieart£econd!iry topulmooaryfibrosis 
and emphysema in a pat ent v th chroa c cough cyanosis and polycythem a Note 
the prominence of the pulmonary ariei es at both bilusea 


tions the left auricle forms part of the posterior border of the cardiac 
shadow Enlargement of the chamber is revealed bv increasing 
convexitv of the posterior border of the cardiac shadow which 
impiiigts on the retrocardiic space and with marked dilatation 
merges with the vertebral shadow being bounded above and 
below bj relativ elv clear areas With extreme dilatation the left 
auricle mav obscure the retrocatdiac space dow n to the diaphragm, 
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e\tii OH (k-cp iiii-pintmn IkifortuiutU} , tliL delincition of the 
left luricle on oiihquL tiluinin ition i-> ofttii rendered difficult or 
iiui) 0 ',-,il)k b\ tccninp uiMjip eiigorKunctit of the pulmonary Nesscls 
which darken the liin{» fields and conscqiicntk the rctrocirduc 
•space in 1 dll itation of the njjhtaunele or other parts which merge 
with the sh ulow of the dilateni left tunele 

1 he t \p Hiding left luriclcinij jiiipingc on cirt «n of the neiglihor 
ing btruetures and pro<luce tonscriuciiees which f icilitate recognition 
of the dll itation 

1 Ihe ibophigus IS compressed ind displic-cd most often 
posteriurH yinietuncs albn t« the ri},ht or more rareU to the left 
B\ giving the pitient barium ind w itcliiiig its descent most 
uhantagcoiislv is i rule in the right anterior oblique position the 
dispUcenient of the esophagus is readilv recognized when present 

2 \3 i result of mirkcij dil itation of the left aurule the two 
niiin hroiicln ire spread »p irt and assume i more Jionrontil course 
winch can sometimes be visualized lluoroscopicall> Ibc tracliea 
IS ilso di placed dors tlb 

i On rare occasions dilatation of the left auricle inaj proclute 
suflicieiit cunipressiun of the loft lung to result m a small area of 
diilncss between the vertebral eolumn and the spine of the left 
scapula 

The Right Auricle —Ihe right auriele forms the right border of 
the heart extending from the diaphrigm to tlie sliadow of the 
superior vena cava * I nlargcmciit of the right auntie is revealeel 
bv broadening of the Itcart to the right Indeed marked enlarge 
ment of the heart to the right is almost alw av s attributable to the 
ngiit luricli. for h\ pcrtropli) of the nglit ventricle causes at most 
a moderate extension of the cardiac silhouette to the right while 
when till, right ventnek is dilated the right auricle is also enlarged 
Tliat extension of the cardiac shadow to the right inaj also be due 
to a large left auricle was mciitioiied above and the differential 
criteria discussctl 

RELATION OF THE CARDIAC PULSATIONS TO THE 
FUNCTIONAL CAPACITY OF THE HEART 

1 2 U’iori It might be tlioutdit that the fluoroscopic studj of the 
pulsations of the heart would afford a valuable index of the func 
tional capaeitv of the organ Actuallv however this is true to 
onlv a hunted extent liecaiise of the vanet> of factors tiiat affect 
the amplitude and other ehamctenstics of the cardiac pulsations 
111 both health and disease (see Iloesler ‘) 

• T1 e r felit border of ihe >a»eul*r pei cle bos i.enerat[y been thought to be formed 
by the sujc or cna ca a llonever *>pdtiine»* obsenatons nd cate that the 
lo er third of ther g! tbo derof tl e \ascularped cleiuai befoiraed b> the ascend ng 
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Normally , the cardiac pulsations are best seen m that portion of 
the left border of the heart nhich is formed bj the left ventricle 
With each systole the border of the left ventricle moves in about 
2 to G mni , to return more slovvlv lu diastole A sjstolic expansion 
is generallj plainly visible in the pulmonarv arterv and aorta 
The amplitude of movement of the nght border of the heart, which 
IS form^ bv the right auricle, is generallj much smaller than that 
of the left, according to Dietlen and others, it generally consists m 
a minute presvstolic movement inward due to auricular sj stole, 
followed bv a svstohe movement m the same direction resulting 
from traction on the right auricle bv the contracting right \ entricle 
But these mov cments of the right border are generallj so small as 
to be difficult to follow and time bv cv en an expert radiographer 
The same is true of the presv stolic contraction of the left auricular 
appendage m the angle between the left ventricle and the pulmonarj 
conus However, m heart block one can often see that there is 
more than one contraction of the right auricle to eaeJ) contraction 
of the left V entricle Tlie superior vena cava usuallv shows practi- 
cally no pulsation m the erect position in health but when recum- 
bent or m individuals with a short thorax and high diaphragm 
(Roesler“) a wavy pulsation mav be evident m this vessel Some- 
times, the contraction of the lower border of the right ventricle 
can be seen through the gastric bubble, it is of about the same 
amplitude as that of the (eft ventricle 

The amplitude of pulsation of a chamber is largelv governed bv 
two factors, namelv, tlie output per lieat (stroke volume) and the 
size of the chamber 

1 The stroke volume of the chamber Quite obvioush, other 
factors being the same, the larger the outpul per beat the greater the 
amphiude of ike pulsations This is the reason whv in free aortic 
or mitral regurgitation the kft ventricular pulsations are o*^ great 
amplitude, for the left ventricle must eject into the aorta at each 
beat not only the "effective’ stroke volume but also the volume 
of blood regurgitated during diastole The result is that in free 
aortic or mitral regurgitation tW aiuplitude of pulsation of the left 
border is greatly mcreaseil while that of the right border is unaf- 
fected The relation of tlie heart rate to the amplitude of pulsation 
IS also important because of its effect on the stroke v olume Since 
vv ith the same minute v olume the stroke \ olume is inv ersely propor- 
tional to the heart rate, it js evident that uith tachycardia the 
amphiude of jmlsation vs decreased and uith bradycardia increased 
Indeed, m heart block the amplitude of pulsation of the left border 
may be as much as 15 or 20 mm On the other hand, in paroxy smal 
tach} cardia the cardiac silhouette may apj>ear immobile 

2 The size of the chamber also has a profound effect on the ampli- 
tude of the pulsations For the larger the size of the chamber. 
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the smaller the distance that the wall must mo\e to cxi)cl the same 
voliinu of blootl (page 312) Hie result is that in general the 
amphtudL of puI‘'ition is imerscl> proportional to the size of the 
clumber Thus the small <lrop heart of the astJienic indiudiial 
lus V more implt tAcnrsion thm the massive heart of the sthenic 
athlete In heart failure the afftcted chamber (or chambers) is 
increased in volume ns a result of dilatation and the stroke output 
vs dvmuuahcal because cf in>ocanhaI weakness and the resulting 
taebvcardia As i result of summation of tbese factors the ampli 
tu le of the cardiac pulsations is ^cneralh much diminished Indeed 
m rapid grcitlv dihfml hearts the movements of the left border 
mav l)c hanllv discernible However if the failure occurs in the 
prt “lUiee < f free lortie or mitral regurgitation the increase m s> stolic 
disthargc due to the le ik m iv eountcract these futors and the 
puKitions mav be vtrv prunnuciit despite severe svmptonis of 
e irdi le insufficioiic) In some other— rather unusual— cases in 
vvliieh an obvioudv failing hypertensive or arteriosclerotic heart 
prc'sents pulsations of eoiisi Icrahtc amplitude a similar action of 
relative mitral iitsuffieiencv itsJf due to the failure iiiiv berespon 
sible In isolated left vcntricuiar failure the pulsations of the left 
border in i\ be much less than tin sc of Uie right The increase m 
the imphtudc of pulsation of the left border when the insufBcieiit 
lieart is slowed b\ digitalis is often striking 

\nother cluraclcnstic of the eanlnc pulsitions winch is of 
interest althoufiluUlRcuU to studv except bv kvinographj (page 381) 
IS tbc rate of the inovenieiit Uhen the heart has to pump against a 
hi ivv load espcci div m lortie stenosis but also sometimes also to 
i less axtent in hvpcrtcnsion— the svstedic uivvard movement of the 
left lorder seems to l>c slower thin usual On the otlier hand m 
(jravts disease and also in some patients with neuroeireulatory 
asthenia the wall of the left ventricle stems to move with great 
rnpidits which with the accompanvmg tachxcardia unparts to the 
heart under the fluoroscoiw what might be dcscnbeil as an agitateil 
ippcarance However the amplitude of the cardiac contractions in 
Graves disease gciitrallj docs not appear to be increased 
In some cases of eonstrietion of the heart due to mechastmo 
pencarditi'i the pulsations are hardlv visible this is especially 
significant if the iieart is small 

THE DIMENSIONS OF THE HEART 
In the cirlj davs of cardiac roentgenology major emphasis was 
laid on the ibsolutc dimensions of the heart Great pains were 
taken to measure— m the orthodiagram and later in the telco- 
roentgenogram V arious dimensions of the heart m laige senes of 
normal individuals of botli sexes and of different ages weights and 
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heights The aim \\as to ascertain the normal variations and 
therebj afford an adequate basis for the detection of minor degrees 
of cardiac enlargement Three varieties of measurement have been 
studied 

1 Linear dimeimonj The most frequently used of these have 
been the right and left median and the longitudinal diameters 

The right and left median diameters are, respectively, the per- 
pendiculars dropped from the most lateral points of the right and 
left borders of the heart to the mid-lme The sum of the right and 
left median diameters is known as the iransrerse diameter Since 
the right and left median diameters generally do not he at the same 
level, they have to be measured separately and added to obtain 
the transverse diameter As a rough approximation, the trans- 
verse diameter of the heart m health ma> be taken to be about one- 
half the maximum internal diameter of the chest, which is the 
honzontal line between the two most lateral pomts of the lung 
fields Actually, however, this ratio of the transverse diameter of 
tlie heart to tliat of the chest is greater m individuals with trans- 
versely placed heart than in tbosewith more vertical organs Indeed 
one encounters seemingly healthy individuals with vertical hearts 
m whom the transverse diameter is only one-third that of the 
lung fields and almost equally broad variations in the opposite 
direction occur in healthy persons with transverse hearts Of the 
components of the transverse diameter, the left median diameter is 
generally about twice the right median diameter Here again, 
however, the ratio is affected by the habitus of the patient, being 
greater with a transversely plac^ heart and less as the position of 
the organ approaches the v ertical 

The longitudinal diameter of the heart is the distance from the 
apex to the point on the right border at the junction of the right 
auricle and the great vessels The longitudinal diameter of the 
heart in health is generally a little longer than the transverse 
diameter, according to Dietlen,* the ratio averages 11 to 10 Gen- 
erally speaking, distortion of the ratio m favor of the transverse 
diameter speaks for predominant enlargement of the right heart, 
while the reverse is true when the enlargement is due to the left 
V entncle 

A number of other linear dimensions of the cardiac silhouette as 
seen on dorso-v entral illumination (indices of the breadth of the 
base of the heart, chords of the arcs of the cardiac borders, etc ) 
have also been studied Further, the antero-postenor diameter of 
the heart as observed m the lateral view of the heart and the diam- 
eter of the aorta have been investigated As yet, however, none or 
these measurements seem of notable clmical value, details regarding 
them may be obtained m the publications of Vaquez and Bordet*® 
2i 
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ind Hotsler “ Lxtcnsiv e tables of tJic%ariou3 linear loeasureinents 
are given bj White IloiJges and Ljster^ and Ivurtz ’ 

2 The surface area of the cardiac silhouette on dorso-ventral 
illumination ni ij he estimated bj transferring the guthne to squared 
paper uid counting squares or by means of a planimeter However 
an inacciincj is introduccil bj the fact that tlic upper and lower 
borders of the c irdiac shadow can oiilv be approximate there being 
no comjjJctt di/ferLutiifion from the vascular shadoiv abme and 
til it of tilt liver below Detailed tables of the surface area of the 
heart in rtlation to other bodilj nuasureincnts are giv en b> Bardeen* 
and b\ lussanc * It was ho|>e<l that the cirdiic area would firm 
a more ilclicate index of ibnonii ilit> m the size of the heart than 
do the linear me isuremcnts But tins hope has liardlv been fulfilled 

3 The volume of the heart was cstimatctl b\ Uohrer*^ hv means 
of a formul 1 hi cd on the surface area and the antcro-postenor 
dinmttir as observed in the lateral view of the heart Since the 
heart Ins in irregular outline and is not of geometne configun 
tinn it IS oIiMous that such a formula can give onlv approximate 
results dthough Rohrer estimates the error at less than 15 per cent 
IltcuUlv I iljcstnnd'® and liis associates have found the normal 
heart volume to V in between 7aiid 13 cc per kilogram bodv weight 
With so wide a normal variation it docs not appear tint the meas- 
urement of the volume of the heart can help m the detection of the 
leaser degrees of cardiac enlargement 

Factors Influencutg the I^ensions of the Heart m Health ^ 
Vniong the most important causes of the variabilit> of the cardiac 
measurements m health are the following 

1 The Constitutio&al Habitus of the ladiTidual —The shape of 
the thorvx is a characteristic which notahh lifects the position and 
measurements of the heart Individuals with broad short chests 
generallv have transverse^ placed hearts with relativelj large 
transverse diameters On the other hand those of the astlienic 
habitus with long tliin chests usually luve vcrticalb disposed 
hearts with short transverse diameters ( drop heart ) In an 
individual of the latter constitutional t\pe verj considerable 
enlargement of the heart is needed to cause the transv erse diameter 
of the heart to reach even the upper fimit of normal 

2 The Position of the Diaphragm —Kiev ation of the diaphragm 
causes the heart to assume a more transverse position with conse 
quent increase m the transverse diameter and a larger proportion 
of the total silhouette to the left of the raid line depression of the 
diaphragm has the reverse effect These effects of the position of 
the diaphragm on the cardiac silhouette are well seen during the 
rcspiritorv movements Similar!} the transverse diameter is 
greater and the longitudinal ^rter m the reclining posture than 
when erect The position of the diaphragm is probably an impor 
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tant element m the causation of the constitutional variations m the 
form of the lieart mentioned in the preceding paragraph A high 
diaphragm due to increase m mtra-abdominal fat as part of general 
obesity maj cause a transverse position of the heart with increased 
transverse measurements, in such cases, an unjustified diagnosis of 
cardiac enlargement is often made Meteorism ma> similarly cause 
a transverse position of the heart On the other hand, the low 
diaphragm of manj patients with bronchial asthma and pulmonary 
emphysema causes the heart to assume a vertical position with small 
transverse diameters It is for this reason that the heart of the 
asthmatic generally appears small to the roentgenologist, though at 
postmortem hj^iertrophy of the right ventricle is often present 
Jloreoi er, in these patients the cardiothoracic ratio is also distorted 
b> the increased volume of the lungs 

3 The Muscular Developmeat of the Individual —It was seen 
above that the weight of the heart tends to vary pan passu with 
the mass of the skeletal muscles (page 307) The result is that 
hard-working and athletic individuals generallj have larger hearts 
than those of sedentarj habits Ibedifference in muscular develop- 
ment probably explains the fact that the cardiac measurements in 
the male average larger than m the female 

4 Weight —In large statistical senes there is a fairly close, direct 
correlation between body weight and the size of the heart It 
seems, however, this is because heavier individuals tend to have 
a greater muscle mass Where the increase in weight is due purely 
to adiposity, the heart is not correspondingly increased in size and 
may indeed be small However even m such obese individuals 
enlargement of the heart may be simulated because of a transv erse 
position of the organ resulting from a high diaphragm 

5 Height — Statistically there is also a direct, though not very 
close, correlation between stature and the size of the heart But 
this is also apparently, merelv a consequence of greater muscle 
mass One sees many tall persons of asthenic habitus in whom 
the heart appears small because of its vertical position and may 
indeed 6e a typical drop heart ' 

6 Age —The silhouette of the heart m health vanes with age 
In earh childhood, the heart is actually larger m relation to the 
body weight and, further, the higher position of the diaphragm tends 
to place it m a more transverse position With the rapid growth 
m height during adolescence, the heart often assumes a vertical 
position with relatively small transveree diameter Toward the 
end of middle life and after this, the heart assumes a more transv erse 
position with increase m the transverse diameter Moreover, the 
heart is situated more in the low est part of the thorax than normally, 
often conveying the impression of lying on the diaphragm This 
transv erse, low position of the heart in most elderly persons seems 
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to be at least I irgel^ tlie result of dongation of the arteriosclerotic 
aorti which plajs a part m maintaining the position of the heart 
Purther the diaphrigm is situated higher with advancing jears 
which ilso helps the heart toward a trinsverse position In the 
senium live licart participates m Uic general atrophy of the organs 

7 Nutritional State — Expcriinentally it has been found tliat the 
heart atropics as a result of severe ind protracted undcrnutntion 
Siniilarlv in persons who have succumbed to carcinomatous cachexia 
tlie lie irt is often found to be itrophicd at necropsy This mav 
not be ilisctrnible on roentgen examination during life because of 
otlicr factors notably anemia which lead to dilatation of the heart 
(page 577) 

8 Transitory Influences — ITicre arc inanv factors which lead to 
transitory eh inges m tlie size of the heart Among tlicse may be 
mentioned various respiritory gymnastii^ changes m circulating 
blood volume and varutions in puisc rate 

During the ^alsaKa experiment (forced ocinration with the 
glottis closed) the heart is seen under the fluoroscope to become 
smaller in consequence of the diminished venous return resulting 
from tl c increased mtrathoracic pressure On the other hand in 
the Mueller experiment (forced inspiration with a closed glottis) 
the heart increases in size 

Experunentally it has been shown tliat sudden increase m cir 
dilating blood volume by intravenous infusion is followed by 
enlargement of tlie heart whidi persists as long as the added fiuid 
remains within the circulation And the diminution m circulatmg 
blood volume that results from copious venesection has been 
obscrv ed to be accompanied by a diminution in the size of the heart 
It seems probable that this influence of the circulating blood v olume 
on the size of the heart is largely mediated through the venous 
return a higher venous pressure resulting m dilatation and vice 
icrsa Tor there are cases of polycythemia vera with very high 
circulating blood v olume in which the heart is not enlarged m such 
cases I have observed the venous pressure to be normal 

Acceleration in pulse rate tends to dimmish the size of the heart 
the diminution m size being presumably an accommodation to the 
smaller stroke volume Ihe dccre^c m size of the heart accom 
panymg marked tachycardia was showTi by Moritz ’* who made 
ortbodiagrams of the heart before and after the admmistration of 
a large dose of atropine Meek** found in dogs that the diastolic 
size of the heart decreases as the rate becomes more rapid In the 
first stages of severe tfttacks of paroxysmal tachycardia the heart 
can often be observed to be small though if the paroxysm lasts long 
enough dilatation supervenes as a result of weakness of the mjo 
cardium 
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Chiucal Limitations of Cardiac Measurements —As a result of 
the operation of the factors enumerated m the preceding section, 
the zone 0 / the cardiac measurementa m health is so broad that incipient 
pathological enlargement of any of the dimensions does not fall without 
the normal range Consequently the utility of cardiac measurements 
to the clinician is very limited indeed I do not recall anj instance 
m which the numerical measurements of tlie heart added in any 
substantial fashion to the information obtained by fluoroscopy and 
the inspection of the teleoroentgeoogram \Vlien the enlargement 
IS so great as to be revealed unequivocally by the absolute value of 
the measurements it is immediately obvious on fluoroscopy or 
exammation of the film The clmician is best served by the study 
of the form and size of each of the chambers individually using 
the criteria described above (pages 362 to 374) and little is added 
by the measurements Such chamber by chamber investigation 
of the heart aff’ords an insight into the nature of the disturbances 
in circulatory dynamics that can be obtained in no other way 

There seems to be little need for ortbodiagraphj the master^ of 
which demands considerable practice (see Kurtz’ for technic and 
results) Fluoroscopy with the addition if needed of the teleoroent 
genogram would seem to serve practically all clinical purposes 
Actually orthodiagraphy is being used less and less m this country 

Aoeatffoa Sjmography —This method records the moi emests of the 
borders of the roentgen shadow of the heart A metal sheet with closely 
spaced horizontal slits is interposed between the chest and a moving film 
During the exposure of one second the film moves vertically a distance a 
httle less than that bet« een t vo slits The result is that the component of 
the movement of the cardiac borders parallel to the longitudinal direction 
of the slits IS recorded in the form of wave-like excursions of the cardiac 
silhouette By the study of the waves thus produced along the borders of 
the cardiac shadow much information can be obtained regarding the time 
m the cardiac cycle amplitude and rale of movement of the individual 
chambers of the heart aorta and pulmonary arterj The method promises 
greatly to enhance our knowledge of the dynamics of the heart beat m 
health and disease Among the conditions in which kymography is some 
times of diagnostic value are aneurysm of the aorta pencardial effusion 
constrictive pericarditis myocardial infarction aneurysm of the ventricle 
and the myxedema heart For details tiie reader is referred to Hirsch and 
Gubner* Bordet and Fischgold* and especially Gubner Crawford ei al‘ 

Visualization of the Individual Cardiac Chambers —Recently Hobb and 
Steinberg* have achieved a notable advance by developing a method for 
the visualization of the mdividusl chunbers of the heart the pulmonary 
circuit and the great vessels They inject 20 to 45 cc of a 70 per cent 
solution of diodrast into an antecubital vein films taken three to five 
seconds after show filling of the n^t auricle the right ventncle and the 
pulmonary arterial tree The left s de of the heart and aorta are visualized 
from SIX to sixteen seconds after injection the tune in the individual case 
IS mdicated by the cyamde cirnilatUHi time (page 51) For the numerous 
interesting details revealed 1^ this method which is as yet only m its 
infancy the reader is referred to Robb and Steinberg 
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GALLOP RHYTHil 

Gallop rhythm* is an unequivocal auscultatory sign of a failing 
heart Though by no means mvanably perceptible m even extreme 
cardiac failure, and sometimes closely simulated by other sounds, 
nevertheless the appearance of gallop rhythm is often the first 
objective evidence that the heart is embarrassed Despite this 
fact and the v olummous literature on the subject it has not seemed 
to me that appreciation of the significance of gallop rhythm is suffi- 
ciently widespread in the profession It has been my experience 
that internes are not nearly as keen m detecting gallop rhythm as 
they are m eliciting murmurs This is the more unfortunate 
because gallop rhythm is so often an early sign of cardiac insuffi- 
ciency m arteriosclerotic and hypertensive heart disease, probablv 
the most common basis of heart failure m at least most parts of the 
United States And vve shall seen that gallop rhythm expresses the 
very' nature of heart failure 

^torxcal — What is now termed gallop rhythm seems to have 
been first observed by Chareellay,* a physician of Tours, in 1838 
Id a patient with chronic renal disease and a failing heart, he heard 
a third sound during diastole, and realized that this supernumerary 
tone coincided with the contraction of the auricles According to 
Potain,** the term hruit de gallop was first used m 1847 by BoudJaud 
The designation gallop rhythm, now in general use, was applied 
by Traube ** General appreciation of the sign dates from the 
classic descriptions of Potain** and the studies of his pupils Exten- 
sive reviews have been published recently by Holt** and Laubry 
and Pezzi,*® and a splendid pbonocardiographic analysis by WolfertJi 
and Margohes 

CLINICAL CHABACIERISTICS OF GALLOP RHYTHni 

Gallop rhythm is characterized by the occurrence of three heart 
sounds during each cardiac cycle The supernumerary sound is 
actually independent and not merely a splitting or reduplication 
of either of the two sounds usually heard The resulting cadence 
vanes with the position of the added sound in the cardiac cycle, 
with the rate of the heart, and with the relative intensity of the 
three sounds Very often, e^eciaUy with well-marked acceleration 
of the heart rate, it fully justifies Ae analogy with the gallop of a 

* In the following the unmodified term gallop rhythm is used to connote diastolic 
gallop rhythm Systolic gallop rhythm la far less common and apparently of no 
considerable climcid significance (page 395) 
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horse, m other cases, tlie rhj Uim has been described by the appella* 
tion canter or trot rhythm Tlicre are, however, also instances m 
which the added sound, though separate and distinct, does not 
result m simulation of these equme cadences, this is especially apt 
to be the case w hen the rate of the heart is not accelerated Nev er- 
thcless, the patliogcnesis of the added sound appears to be the 
same as when the rhjtlim is that of a gallop—the rhj thm impressed 
on the ear maj varj from day to day simply as a function of the 
rate— so that it seems wise to include such rhythms under the most 
widely used appellation of gallop rhythm The extra sound of 
gallop rhythm occurs almost olwaja in ventricular diastole, after 
the second and before the first sound of tlie heart S> stolic gallop 
rh>thin, in which the added tone follows the hrst sound, is rare 
and will he discussed sej)arately (page 395) The sound may 
occupy an> position in diastole pres>sU>he, mcsodiastoiic and 
protodiastolic gallop rhjthms The significance of the location m 
diastole will be discussed m conjunction with the pathogenesis, 
where it will be pomtc<l out tliat it maj be markedly affected by 
the rate of the heart and Uie aunculo-vcntncular conduction time 
I’otam ongmallj described pres} stolic gallop rhytlim as much the 
most common variety, most subsequent writers agree with this 
and It has also been my impression, although I have kept no stalls* 
tics On the oUier hand, White** found tliat in a senes of cases 
there were t>4 instances of protodiastolic gallop rhythm as contrasted 
with but 12 pre>systoIic and 4 systolic gallops Ihese differences 
of opmton are probably largely due to difficulties in tuning the 
location of the extra sound m diastole when the heart is rapid With 
the pbonocardiograph, which enables accurate timiug, Wolferth 
and Margolies found that at one tunc or another 37 of theu- patients 
had presystohe and 29 protodiastolic gallop 
On very rare occasions, both prcsystolic and protodiastolic 
sounds are present, so that four heart sounds are heard Of course, 
the differentiation and timing of four sounds m a cycle is difficult, 
and it may be that sound traangs wiU reveal that tins combination 
of presystolic and protodiastolic gallop rhythms is not a great 
ranty , such tracings have been published by Wolferth and Margolies 
In presystolic gallop rhythm the accent is usually such as to 
result m an anapest, in. protodiastolic of a dactyl However, these 
accentuations are far from constant 
The gallop sound was originally described by Potam as a dull 
one, like a thud, m fact, tlie older observers, who applied tlie ear 
to the chest or used a wooden stethoscope, noted that it makes 
more of a tactile than an auditory impression on the ear The 
pitch IS low and, correspondingly, sound tracings show that the 
vibration frequency is relatively small Potam and other French 
clinicians have stated that the gallop sound is not transmitted 
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through a flexible stethoscope but I generally have little difficulty 
m perceiving it i\ith the ordinary Bowles model It is true that 
there are cases in which the sound is better heard w ith the naked 
ear probably largely because of the added tactile impression 

The intensity of the gallop sound \aries Most often it is rather 
faint and may just surpass the threshold of audibilitj However 
there are also cases in which it is loud Connor* describes 10 cases 
in which the added sound of protodiastolic gallop rhythm was much 
the loudest of the three sounds of the cardiac c% cle Since reading 
his description I have made a number of similar observations 
1 he loudness of the extra sound maj \ ary with the phases of respira 
tion 

The gallop sound is generally loudest close to the apex In some 
cases the area of audibility of the gallop rh> thm is sharply localized 
at the apex or a circumscribed area a little mesial to it But a 
loud gallop maj be audible all over the precordium though it is 
rarely transmitted much bejond it In some cases though not 
all gallop rhjthra is heard verv clearly over the right jugular 
bulb But It IS to be remembered that not rarel> a triple sound is 
normally audible in this region as a result of good transmission of 
the auricular sound \\Tien gallop rhvthm accompanies pericardial 
friction there may be a tripledivision of the rub the triple pericardial 
friction observed by Salter ** 

Johnson** long ago noted that the site of gallop rhjthm maj be 
conditioned by the nature of the underlying process He observed 
that in cases of emphysema with imp^ed pulmonary circulation 
the reduplication is more distinctly beard at the right margin and 
the lower end of the sternum than to the left Since then follow- 
ing Potain French clinicians have differentiated right and left 
sided gallops According to this view a gallop originating m the 
left side of heart is best heard m the area described m the preceding 
paragraph while one due to failure of the right heart (as in emphv 
sema heart) is best heard in the xiphoid region I hav e heard only 
a few instances of clear-cut right sided gallop It should be borne 
in mind in this connection that quite often gallop is best heard 
close to the sternum m left heart failure though generallv not as 
low as m tj-pical right sided insufficienev olfertli and Margohes 
described two cases with both right and left sided gallop 

Often the gallop sound is accompanied by a palpable and some- 
times also visible tiipulse Ihis impulse ma\ be verv prominent 
and giv e the impression to the palpatiug hand of a double apex beat 
It was mentioned above that the impulse ma> be more prominent 
than the sound In eliciting gallop rhvthm one should ahvavs 
employ simultaneous auscultation and palpation This ma\ be 
best accomplislied bj auacultatmg with the naked ear I have 
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often dcn^ eti considerable help from the impulse communicated to 
the fingers \vhich hold the Bowles stethoscope lightly in place. 

Gallop rbjthm is most charactenstically ai)prtcUted in the 
presence of moderate or inarkc<l tachycanha, ^^^liIe the extra 
sound sometimes occurs in a heart tliat ia not accelerated, the 
impression on tlic ear is Mrcly that of gallop At lieart rates of 
KIO or o\er, diastole is so sliort that it U difficult or impossible to 
separate the extra sound xxilh certainty. The effect of the onset 
of auricular fihrillatiou on gallop rhythm will be discussed below. 

Exercise often serves to bring out gallop rhythm. Sitting the 
patient up and down u few times often helps in eliciting the sign in 
the first beats .if ter the exercise. It is often beard better with the 
patient ly iiig on the left side. 

PATHOQENESia OP GALLOP RHYTHM 

The mccliaiusni of gallop rhythm lias offered a fruitful field for 
s])ctulalion A number of hypotheses regarding the origin of 
the extra sound— .isynchronous contraction of the two ventricles 
(Sibsou*’), cxmtMctlon of the left ventricle in two steps because of 
mtreascxl resistance in hypertension (D’Cspinc‘), dissociation of 
the muscular and valvular components of the first souud (BardOi 
etc —have been advanced, only to be abandoned as untenable. 
Ilclails of the evidence ag.ui»st these and other hypotheses will be 
found in the rev lews of Ifolt aud Laubry and Pezzi. 

Aa a result of many investigations, which have been analyzed 
and exteniied liy Laubry and I’czzi, it h.\s becxime clear that m 
addition to the rare instaiitcs of systolic gallop, Ihere are tuo paiho- 
ginefically dishnrl lariciics of gallop rhylhri: 

1 Gallup rhythm in whicli the extra sound coincides vvitlv auricu- 
lar systole According to Wolfcrth and hlargolies, the extra sound 
III this V irlety of gallop rhythm occurs between 0 OS and 0.14 second 
after Uve hegmnmg of the I* wave of the electrocardiogram. This 
type is generally designated prcsystolic gallop, but it is not always 
presy stolic in time and we shall tenn it aiirtcular gallop rhythm 

2 Gallop rhythm in which the adde<l sound is independent of 
auricular systole and corresponds to an accentuation of the normal 
third iicart sound Wolferth and Alargohes found that the super- 
numerary sound occurs bcweeii 0 1 and 0 21 second, usually 0 13 
to 0 18 second, after the beginning of the second heart sound 
This variety is usually designated as protodiastolic gallop rhythm 
but it m.i> also occur I.iUr m ventricular diastole. It will be 
termed gallop rhythm due io a third heart sound 

A tliiid variety of g.ilIop rhythm lias been described by Wolferth 
and Murgolies TJiey attribute the extra sound to the merging, as 
a result of tachy caitlia or prolonged aunculo-v eiitncuLar conduction 
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time, of the h\o preceding types of gallop, so that a single extra 
sound results Wolferth and Margolies term this variety summation 
gallop 

Auncular Gallop Rhythm — Charcellay, the first to describe gallop 
rhjthm, noted that the ad\entitious sound appeared at the time 
of auricular sj stole Later, the auricular origin of gallop rhj thm 
^vas ad\ocated m a brilliant paper by Johnson,** who held that 
“the contraction of a dilated, and especiallj of an hj'pertrophied 
auricle becomes sonorous, and that the first division of the double 
first sound in the cases under consideration is the result of the 
auricular sj stole ” 

Since then, it has been shown conclusively by a number of investi- 
gators that the added sound coincides witJi the systole of the 
auricle Kriege and Schmall'* long ago registered the venous pulse 
on a rotating drum while auscultating the heart and made a mark 
when the gallop tone was heard, the mark coincided with the 
auricular wave SubsequentJv, Robinson,*’ Mueller,** Mond and 
Oppenheimer,® laubrv and Vczzi and others have noted that m 
the type of gallop rhvthm m question the cardiogram from the 
cervical and femoral veins and the hepatic tracing all exhibit a 
remarkably large excursion of the auricular wav e Moreov er, Lewis** 
and Mond and Oppenlieimer have shown bv means of simultaneous 
electrocardiograms and phonocardiograms that, allowing for the 
difference in time between the electrical and the mechanical phe- 
nomena, the extra sound m this variety of gallop rhythm coincides 
with auricular activity The investigations of Mond and Oppen- 
heimer are of especial significance in this regard They found that 
‘this extra (gallop) sound on the pbonocardiogram always occurs 
at the same time as the latter half of the P wave of the electro- 
cardiogram, and simultaneously with a large distinct wave of the 
apex beat and the o wave of the venous pulse " They were further 
able to show that m instances of gallop rhy thm w ith partial auriculo- 
\ entneular block, the adventitious sound still coincides w ith auricu- 
lar systole Another evidence of the role of auricular sv stole m 
tlie productuKv of thvs fotm of gallop thytlvm. vs the obsetvatvow 
repeatedly made that the extra sound disappears with the onset 
of auricular fibrillation (what is not true of the other form of gallop 
rhy thm) 

There is thus ev idencc that 

1 The extra sound coincides with auricular systole 

2 The extra sound results from auricular systole, else it would 
not disappear during auricular fibrillation 

3 There is an abnormallv powerful contraction of the auricle, 
revealed by the large auricular excursion m the cardiogram, the 
cervical and femoral v enous pulses, and the hepatic tracing 

The next question that arises is how the more forceful auricular 
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sjstole produces the supernumerary sound. That auricular systole 
can actually produce a sound is proved by the auricular tones tliat 
are often audible in many instances of complete heart block; in a 
recent case, tlie extra sound was as loud as the two nonnal sounds. 
Moreover, Bridgcman^ showed that even in health the phonocordio- 
grain reveals theprcstijceo/ sound vibrations at the time of auncu- 
lar systole, thouglj these are generally too faint to be heard by the ear. 
Taquini and Braun** found tliat the auricular sound is always dis- 
closed by esophageal auscultation. Now, whether the auricular 
sound is a muscle sound and cmanatta directly from the contracting 
auricular musculature, whether it is due to the distention by the 
auricular blood wave and consequent vibration of the ventricular 
wall, or both,* it would seem evident tliat a more powerful auricular 
systole must result in a louder auricular sound. That there is 
actually a more forceful auricular systole in patients with auricular 
gallop is indicated, in addition to Oic evidence mentioned above, 
by the very nature of the disturbance in circulatory dynamics. 
Tor the failure of the v cntricic results in Increase in the residual blood 
in the v cntricic at tlic end of systole with a consequent increment in 
diastolic intraventricular pressure, so that the auricle has to contract 
more powerfully to drive blood into the ventricle. 

It would tkuj seem Oiat auncidar gallop rhythm is an exaggeration 
of the sound nonmlty produced by auricular systole due to more force- 
ful contruclwn of the auricle. Likewise, the distention of the ventricle 
by the strong auricular systole is probably the cause of the shock 
whicli is generally so prominent In gallop rhytlim 

Another factor of importance in the pathogenesis of auricular 
gallop rlijtlira has been brought out by the investigations of Mond 
and Oppenheimer. They consider that since, in health, the muscle 
mass of tlic ventricle is soft as a result of diastolic relaxation at the 
time of auricular systole, it serves to dampen the auricular sound. 
They point to tlie small amplitude of tlie auricular wave in the 
sound tracing as indicativ c of this damping action of the ventricular 
myocardium On the other band, in cardiac failure tlie diastolic 
tension of the ventricle is increased (page 301) so that the damping 
action is less 

* PbonoeariiiosrBpluo studies Cossio and Fongi* shoiv tbut the normal sunculsr 
sound often consists of two groups of vibrattoos, the first of which the^ sttnbute 
directly to auricular systole, the second la the tension of the entricular wall by the 
auricular blood columa Cossio and Fongi find that the normal auricular sound 
occurs so close to tho sound produced by ventricular systole that the car usually 
includes it with the latter in the first sound But the auricular sound may also be 
audible in the healthy subject as an independent sound nccordmi; to Cossio and 
Tongi this IS tho cause of most of tbe reduplications of the first sound heard in healthy 
subjects liowevei, the obecT^at)ona ol Wolfertlv and MatRolica” show quite defi- 
nitely that the usual mechanism of lodupUcation of the first sound is asynchronous 
contraction of the two ventricles 

Lewis and Dock" interpret their observations as indicating that the gallop 
sound is due to tension of valve leafleta viithout an appreciable muscular element, 
but m his discussion of their paper Wolferth" cited strong evidence against this 
interpretation 
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lumlK, the umtulo-\cHtntviUr toiuluctum time 

prcbuit 111 some thoiiRli not ill, iiistmuts of Rillop rlnthm inaj 
pirtitijiatt iti the auilihilitt of tin, aunciilar bound 1 or the lonj^tr 
the interval l)j which the aitmulnr tone is sepanted from tlie hrst 
sound the more re ulilv it will be hcanl is a sepante sound 

Aiintular jjallop rlivthm it iuii> Ik reiinrivcd pareiitheticilh, is 
not alwavs prtb\btoIic in time but iimv he niesoiliastolie or even 
protodiastolic 'Ihia displaumtnt of tlie extra sound ma% rasult 
from tachjeardii or less often, from partiil he irt bloek lor 
iccelcration of the licart occurs pniitipalK through ibhreviition of 
diastole llie nsiult is smtt the interval between the auricular 
sound ind tlie first sound is unaltcreil that the extra sound occurs 
c-orrcbpoiiduiglv e irhcr in diastole Obviously, jirolongcil aurieulo 
veiitnculir conduction tune in partiil heart block will liivt the 
same cfFeet 

ihc (lucstioii of tile rehtion of the I lint murmur m aortic m&uffi 
cieiKv to gdlop rhvtiim is discusbcd on paged'S 
Gtdlop Rhythm Due to an Accentuated Third Heart Sound —In 
tlubvirutv of gallop rlivtlim the e\tn souml is usuallv protodias- 
tolic in tunc However when diistnsib is shoitincd m tachveardia 
till extra sound mav be iii the middle of diistole mueli as we hue 
just seen tint the usiulK presxstoUc auneuhr gdlop is displaced 
to middle or larlv <lnstoIe bv t ichvcanlia • 

III discussing the origin of tliia tvpc of ^ illop rlijthm a negative 
iluractcristic mu first Iw pomttd out li u not prodwal by 
rturicH/«r anlntclion I ewis has piiblishtd exquisite simultaneous 
eleitnicardiograiiib and |>hoiuKar«liograms showing that the extra 
sound oe-curs prior to aii<l mdeiKudcnt of aunculir actuitj 
I aubrv iiul Tezzi found in canliograius th it this tv pe of gallop 
rhvtlim IS not aceompanuxl bv a large aunculir wive (as is the 
auricular vanetv) but that there is a large protodiastolic wave 
I in illy this variety of giUop rbvtlim docs not disappcir during 
auricular fibnllatiuu an obsenatiuu mode bv a number of iiivesti 
gators and recorded ill a phoiiocardiognm bv Lewis Ihaveluard 
tilt extra sound income inuelv louder with tlie onset of complete 
arrbvtbinia 

The t luse of the gallop sound must therefore be sought m other 
than auricular contraction Ihe time relations of the adventitious 
sound indicate that it is in aeteiituation of the pin biological third 
heart sound 

• In othor norda Iho cjstra sound in tb s sariety of gallop rliythm la 1 nted 
to the preceU ng s -co id sound le in «ur cular gallop ihythrn the adient tious 
sound la 1 nXed lo ll o folio » i g first sound T1 is s ^ cU geen when gallop rhythm 
due to an arcentuated ll rd heart snuad oecara th aur milajr fibr Hat on Then 
itcan ead ly bo oUsened that tbeintcrral betneen tlie second sound a d the gallop 
tone rcraa iia constant wb le tie t me betteea the latter and tl e first sound ^ar os 
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Tlie third heart sound was demonstrated phonocardiographically by 
Emthoven* and first heard in normal subjects by Gibson'* and Thayer** 
Most of our knoii ledge of it is due to the last-named clinician He detected 
the sound m a majonty of youthful individuals, but I have not been able 
to hear it nearly so off^, the discrepancy is perhaps due to differences m 
auditory acuity or skill m auscultation Thayer found that the third 
heart sound is best heard at the apex with the subject lying on the left side 
after slight exercise The third heart sound occurs early in diastole, accord- 
mg to Bndgeman* about 0 16 second after the onset of the second sound 
It 13 accompamed by an ele\ ation m the cardiogram (Robinson*’) and some- 
times by a palpable shock Hirschfelder** shoned that it is also accom- 
panied by a mmute wave (fc wave) m the venous pulse tracing, which has 
been confirmed by Bndgeman and others 

The mechanism of production of the third heart sound is still unsettled 
It occurs at the end of the penod of rapid ventncular fillmg which marks 
early diastole Hirschfelder attnbutea the third sound to elastic recoil 
of the ventncle at this time resulting in slapping together of the aunculo- 
ventncular valve flaps with resultant sound production 

The interpretation of this form of gallop as an accentuation of the 
third heart sound is borne out by the cardiograms of Robinson and 
Laubrj and Pezzi, which show that there is a marked enlargement 
of the protodiastolic wave which accompanies the third heart sound 
Further, the time of the gallop sound m early diastole, so beauti- 
fully shown III the simultaneous electrocardiograms and phono- 
cardiograms of Lewis, IS such as to indicate strongly that it is an 
exaggeration of the physiological third heart sound 

It was mentioned al^ve that the phy siological third heart sound 
occurs at the end of the protodiastolic period of rapid ventricular 
fillmg, and seems to be m some way produced by this fillmg The 
exaggerated protodiastolic wave in the cardiograms of those with 
this form of gallop rhythm would indicate that the accentuation of 
the third heart sound is due to an increase in the pressure at which 
early diastolic Billing occurs Since the pressure that produces the 
early diastolic fillmg of the ventncle is the venous pressure, proto- 
diastolic gallop rhythm is thus indicative of increased venous 
pressure, i e , pulmonary venous pressure m the usual left-sided 
gallop Hirschfelder cites expenmental evidence indicating that 
the higher the venous pressure filling the ventneles, the more vigor- 
ously the aunculo-v entricular valves shut at the cessation of the 
flow And it would seem reasonable that the more vigorous the 
tension of the valves, the louder the sound that will be produced 

DYNAMIC SIGNIFICANCE OF GALLOP RHYTHM 

From the foregoing, it would seem clear that gallop rhythm ts an 
acoustic expression of the altered circulatory dynamics resulting from 
failure of one or both xentncles, much more often the left lentncle As 
a result of ventncular failure, the residual blood m the ventricle 
at the end of systole is increased, with consequent elevation of 
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venous anJ intra-auricular prcbsurc If the left ventricle is insuffi- 
cient this occurs m the Idft auncic ind pulmonary veins, if the 
right ventricle is at fault, the increase in pressure affects the right 
auricle and veme cave The result is that the dnstolic filling of 
the ventricle m question takes place more forcefully, i e, under 
higher pressure In some instances this is accomplished principal!) 
bj means of a more powerful auricular sj stole, winch results m the 
auricular tjpc of gallop rhythm Utuler otiicr conditions, the 
increase iii tlie force of earlj diiistolic filling is predominant, so 
tint the form of gallop rhjtlim due to accentuation of the third 
heart sound appears IJut the more intimate nature of the altera- 
tions in circulatory djnamics leading to the one or the other tjTie 
of gallop rh> thm remains to be elucidated 

OCCUBSEHCE OP OAILOP RHYTHM 

Gallop rhj tlim was originally described bj Potain as» occumng m 
chronic neplintis And indeed classical gallop rhythm is most often 
and for tlic longest pcriixl obscrvtxl in the fading heart of hyper- 
tension or coronary sclerosis But it was soon after pointed out 
by rracntzcl" that gallop rhythm also occurs wlicn the heart fads 
m typlvQul fever aud otlicr infections Actually, gallop rhythm 
may develop m failure of cither the right or tlie left heart no matter 
what the underlying basis Tims, it is seen in the cardiac insuffi- 
ciency of hypertension, coronary arterv disease myocarditis, valvu- 
lar defects pericardial affections kyphoscoliosis, emphysema and 
other chronic pulmonary and pleural diseases Gallop rhythm 
may promptly document the onset of the acute cardiac failure of 
coronary lliroinbosis or acute glomerulonephritis or it may develop 
after months or years of chrome luvocardial insufficiency It may 
be a transitory phenomenon during paroxysms of caniiac asthma 

Despite tins ubiquitous appearance of gallop rhythm, it is to be 
emphasized that there are many casts of protract^ cardiac failure 
in which gallop rhythm is never heard this applies even to its 
favorite terrain, the hypertensive heart Of course m valvular 
disease, notably mitral lesions, gallop rhythm is most often obscured 
completely by murmurs occupying diastole 

With improvement of mjocaidial insufficiency, gallop rhythm 
commonly disappears, this often occurs rapidly and strikingly in 
coronary tlirombosis or under tlie influence of rest or digitalis in 
various forms of lieart failure 

DIFFERENTIAL DIAGNOSIS OF GALLOP RHYTHM 

The most common source of confusion is reduplication of the first 
sound IVhen the interval between the extra sound and the first 
sound is sufficiently long, the question is settled m favor of tlie 
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abnormal character of the sound Wolferth and Alargohes state 
that the interval between the two elements of a reduplicated first 
sound does not tend to exceed 007 second, while m most instances 
of gallop rhvthm the interval is between 0 08 and 014 second 
Of course, clmicallj one must depend on the ear, which is facilitated 
bj the fact that when the mterval between the extra sound and the 
first sound is relativ elj long in comparison to the totahtj of diastole 
the cadence tends to assume that of a galloping horse But there is 
a borderland in which it is difficult or impossible to state from aus- 
cultation alone w hether the extra sound has pathological signiScancc, 
and one must judge bj the accoinpau>ing phenomena Aloreover, 
even when the interval between the adventitious sound and the first 
sound IS short, and the cadence is not that of a gallop, it is not 
necessarilv true that the extra sound is phv siological and of no 
clinical significance One not uncommonly observes that splitting 
or 'unpuntj” (bj which is usually meant prolongation with a 
tendency to splitting) of the first sound appears with heart failure 
and disappears as the state of the heart iraprov es I hav e repeatedly 
noted, in following the course of what was originally a tj^pica) 
gallop rhythm, that as the adventitious sound became fainter and 
was on its wav to disappearing it made the impression on the ear 
of being V ery close to the first sound, and if beard for the first time 
would be classed as a split sound In such cases, a phonocardio- 
gram shows that the extra sound is prcsystolic m time and auricular 
in origin, and not the first of the two elements of a split first sound, 
both of which are systolic in time It should be remembered (King 
and McEachern’’) that bundle-branch block sometimes though 
by no means alwavs, results in an often wide splitting of the first 
sound, which is an indication of asynchronous contraction of the 
ventricles, does not imply heart failure, and should not be confused 
with gallop rhythm The split first sound of bundle-branch block 
may be accompanied bv a “double apex beat ' (King and McEach- 
em) and thus simulate the shock of gallop rhytlim Potam*^ 
pointed out that physiological reduplication of the first sound 
becomes more marked toward the end of ex^piration and may dis- 
appear during inspiration However, f have rarely found respira- 
tory variability of any considerable aid m differentiating gallop 
rhy thm from a reduplicated first sound 
Especially m middle-aged individuals with hvpertension, the 
differentiation of presystolic gallop rhy’tlim from the presystohe 
murmur of mitral stenosis may be a matter of some difficulty It 
should be remembered, in this connection, that left ventricular 
failure m hypertension can lead to well-marked “mitrahzation” of 
the cardiac silhouette on doiso-ventral illumination The pre- 
systolic Flint murmur in aortic regurgitation may also simulate 
gallop rhythm (page 478) 
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lledupiicatton of the second sound at the base of the heart either 
phj siologicall\ , m Ijimtile-branch block, or m sjsteinic or pulmonic 
hypertension is scared} hkel} to be confused with protodiastolic 
gallop rhytlim 

The opening dick of tlie mitral \aKe m mitral stenosis (page 516) 
may clostK simulate gallop rhythm, but con usually be differen- 
tiated by the accompanying signs 
In adiiesue racdiastiiio-pcricarditis, supernumerary sounds simu- 
lating gallop rhythm arc sometimes heard Accoiding to Fned- 
reidi “ the extra sound may result from the diastolic recoil of the 
chest wall winch has been rctractcil dunng systole 
Ihc circumstances under which the physiological third heart 
sound 13 gcncralK audible (youthful physically vigorous subjects) 
almost always preclude its interpretation as protodiastolic gallop 
rliythm indicating heart failure However White states that during 
the Uorhl \\ar a markedly accentuated third heart sound causing 
protodiastolic gallop rhythm was common m soldiers with neuro- 
circulatory asUicnia a condition m which symptoms simulating 
those of organic heart disease arc common 
Nowadavs the phonocardiogram is often available to aid in the 
differentiation of gallop rhythm from other forms of triple heart 
sounds 

PROaNOSTIC SIONOICANCE OF GALLOP RHTTHM 

Diastolic gallop rhythm is indicative of serious functional impair- 
ment of the ventricular myocardium The presence of diastolic 
gallop rhythm IS tliereforc to be viewed with concern Thompson 
anil Ivcvuie s*^ patients wiUi diastolic gallop rhythm lived an average 
of only eleven months after it bad been discovered However m 
the last analy sis the prognostic significance of a gallop is rationally 
interpreted only in the light of tlie underlying cause of the cardiac 
failure If the latter is susceptible of improvement, the gallop will 
clear up with it Thus m coronary thrombosis it is common for 
the patient to recov er sufficiently to go about his business despite 
the fact that following tlic thrombosis there was a very marked 
gallop I have a number of times seen complete recovery in infec- 
tious fevers in winch severe myocardial damage was revealed by 
gallop rhythm Despite such cases however the appearance of 
gallop rhythm during pneumonia, typhoid or some other fever is 
a sign of ill omen Thompson and Levme” observed that 6 patients 
with gallop rhythm due to rheumatic heart disease lived an average 
of less than two months after the discovery of the adventitious 
sound In acute glomcrulonephntis gallop rhythm is an early 
indication of beginning insufficiency of the left ventiide but dis- 
appears quickly with restoration of the efficiency of the heart In 
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chronic arterial hypertension, gallop rhythm is a most important 
sign of beginning heart failure and should be sought at each exam- 
ination ^Vhlle it IS to be taken seriously, such patients mav ha\ e 
gallop rhythm, usually faint, for years and still be able to attend to 
their business In other hypertensives it comes and goes Verv 
often, gallop rhythm in hypertensive and arteriosclerotic patients 
clears up ^vhen the cardiac insufficiency is treated successfully by 
bed rest, appropriate diet diuretics, and digitalis The same is 
true of the rare cases m ivhieh gallop rhythm is heard in the emphy- 
sema heart It has seemed to me that the louder the gallop sound 
and the earlier in diastole it occurs the more serious its prognostic 
significance 

Systolic Gallop Rhythm —In this form described by Potam^® 
and Cuffier and BarbiHon ^ the supernumerary sound is between the 
normal first and second sounds and generally heard best at the base, 
most often m the second right interspace Doubt has been cast on 
the existence of sa stohe gallop rhy thm but Wolferth and 'Margolies” 
ha\e recorded it m sound tracings Systolic gallop is far less com- 
mon than diastolic gallop rbi thm and the pathogenesis is not clear 
Potam originally suggested that the extra sound is due to the impact 
of the blood column m a sclerotic aorta and this may apply to the 
cases in which the svstohe gallop is beard onh in the second right 
interspace Thompson and Levine” found systolic gallop rhythm of 
no definite clinical significance many of theirpatients were nervous” 
people w ithout cardiov ascular disease 

THE HEART SOUNDS IN CIRCDLATORY FAILURE 

There may be severe circulatory failure without notable modifi- 
cation of the heart sounds In other instances however, circulatory 
failure is documented bv abnormalities in the intensity, pitch or 
qiiilitv of one or the other sound 

Feeble ventricular systole tends to be accompanied by a weak 
first sound and often also in consequence of the low arterial tension, 
by a faint second sound Phis is well seen m premature contrac- 
tions and auricular fibrillation where the beats that are feeble or 
ib$ent at the wrist have weak sounds Weakness of the sounds 
of all the beats results from circulatory insufficiency only when 
the latter is very severe It seems to develop more readily m 
circulatopv failure of peripheral origin (shock) than in heart failure 
In many instances of severe circulatorv failure there appears the 
auscultatory phenomenon known as fetal rhythm, or anbryocardia, 
from the resemblance to the sounds of the fetal heart long ago noted 
bv Stokes®® m tvphus fever writh circulatory collapse In fetal 
rhv thm the sounds are equalJv spaced as a result of shortening of 
diastole by tachycardia Further, the first sound is altered m 
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quality &o as to Utcome ilatost the satne as the seconil As pointed 
out bj Iluclnrd the change >n the qualitj of the first sound 
difTcrentiatcs emb^^ ocaitfia from simple tachycardia as in Gra\es 
disease m which tlie first sound retains its usu il qu iht\ The two 
sounds ina\ resemble one another so closely and the spacing be so 
cqui! that it is difficult to differentiate the first from the second 
sound rmhr\ocirdia is of grn'c significance Ifonever fetal 
rhj thin in ly quickh clear up if the undcrh ing c viisc of the circuh- 
tor\ failure IS nmocc'd this is often strilvingK illustrated following 
successful transfusion m hemorrhage 

It IS to be borne in mind that feeble Iieurt sounds ma^ be due to 
causes other than circulatorx f ulurc 1 bus in empln '■eina, unusual 
thickness of the chest wall or displacement of the heart the sounds 
ma\ lie Ner\ distant or e\cn inaudible Whitt*’ mentions the 
interesting fact tint m i ro\trse condition remo\ al of part of the 
cliest w ill for thoncoljsis the l^tcnslt^ of the heart sounds is also 
diminished proh ihK as a result of loss of the chest wall as resonator 
Jlargolics and \\ olferth** state tlut when the auncvilo-xentncular 
conduction tune is close to the upper limit of normal the first sound 
tends to be faint In kspboscoliosisorothcrdcrorinitiesof the chest, 
the sites of m uiinuin audibility of the heart sounds arc often altered 
Pcric irdnl effusion mav mask the lie irt sounds although often this 
IS not the c isc because tlic fluid iccuniulatcs posteriorly ^ Uvular 
Usions often diminish the mtensitv of one or both heart sounds even 
thougli tiiere is no circulatorv insufficiency Thus the first sound is 
often feeble or inaudible it tlie apex in mitral iiisuificicncv while m 
well marked aortic stenosis nnd some eases of aortic msufficiencv the 
second aortic sound is faint or inaudible 

The iccentuation of the pulmonic second sound that results from 
failure of the left side of the heart is discussed on page 428 
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CHAPTER WII 


MURMURS DUD TO lUNCTIOVAL VALVUL.MI 
INCOJIPDTENCE 

O^L of the common consequences of raiocardia/ insufficiency is 
functioinl incompetence of one or more \alves llie \nlvuhr leak 
may or may not be documented by an audible murmur The 
iippeanncc of such a murmur is often an early and valuable sign 
that tlie heirt is weakening In miny instances the regurgitation 
IS too small to be of significance for the organism as a whole but m 
others the functional \ ah ular defect profoundlv alfects the d\ namits 
of the circulation 

runcfional regurgitation nuv appc.ir in cin/iac weakness of any 
origin Ihus it is often seen when tlie heart dilates in hypertension 
coronarv sclerosis mvocanlitis thyroid disease anemia defect of 
anoUicr valve etc I unctional regurgitation is often superadded 
to an organic valvular defect though clinically it may be difficult 
np impossible to dilfcrentntc tJic two components The relation of 
the time of ipi>car incc of function d regurgitation to the other con 
sequences of mvocardial weakness vines h specially in anemia 
murmurs due to functional insufficicncv of Uie valves may appear 
before llicre are other notable evidences that the heart is giving 
w av this phenomenon will be discussed further below 

PATHOGENESIS OF FUNCTIONAL BEGDRGITATION 

llie racclianisms through which valvular insufficiency results 
from myocardial weakness are not entirely clear However two 
f ictors would seem to be most important 

(a) Weakness of Uic myocardium surroundmg tlie valve ring 
There is experimental evidence that the contraction of the myo 
cardium around the aunculo-veiitncular orifices play s an important 
part m their closure The circumference of the valve orifices is 
(fimimsftecf tfiipfiragm Ake 6v the systofic contraction of the sur 
rounding heart muscle Rov and Vdami” long ago found that 
the circumference of the mitral orifice during systole is only half 
of that during diastole Aaording to Lian “ while the aunculo- 
ventncular orifices arc circular during diastole thev are transformed 
into elongated narrow slits bv the systolic contraction This 
obviously serves to facilitate the coaptation of the flaps for the 
adjacent surfaces are pressed against one another for a longer 
distance from the free edge than would be the case with a broader 
ring 

(39S) 
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(&) Displacement of the attadunent of the papiharj muscles 
'When the \ entncle dilates, the attachments of the papillary muscles 
are mo\ ed further from one another and from the \ alv e flaps This 
also interferes with the proper closure of the \al\es, though it is 
comjiensated to a greater or less extent by the elongation of the 
papi!Iar\ muscles which is part of the dilatation and sometimes also 
bj elongation of tlie chord® tendin® It is also concen able— though 
I know of no proof that this actuall> occurs— that such an elon- 
gated and frequentiv degenerated papdiarj muscle may be unable 
to maintain the \alve flap against the systolic mtra\ entncular 
pressure with resultant e\ersion of the edge into the auricle and 
regurgitation In this connection it should be remembered that 
degeneration and fibrosis of the papillary muscle is often a refati% ely 
early occurrence in arteriosclerotic heart disease Moreover, the 
sjstolic intraventricular pressure rises abnormally high in hjper- 
tensioa md some varieties of valvular disease 

In addition to these muscular factors in the causation of relative 
insufficiency., Sprague” emphasizes the importance of certain mech- 
amodl forces He points out that forces entrained b> a forceful 
jet passing through a valve and especially the region of negative 
pressure following the abrupt cessation of the jet participate m 
perfect coaptation of the valve segments It seems likel> (c/ 
Sprague’s excellent discussion) though not proved, that inadequate 
discharge through a valve due to heart failure may favor imperfect 
closure 

Direct evidence that dilatation of the ventricle produces func- 
tional valvular insufficienc> witli a sjstohc murmur has been 
obtained bj Lian * He produced dilatation of the ventricles in 
dogs by means of asphyxia As the ventricles dilated sjstolic 
regurgitation into the auncles was observed and an ipical svstolic 
murmur was heard The regurgitation and murmur disappeared 
witli the dilatation when the asphj-xia was alleviated 

Certain of the facts brought out by Kirch (page 298) regarding 
the anatomy of ventricular dilatation are of importance in connec- 
tion with the production of functional valvular incompetence He 
found that dilatation of tlie left ventricle m hypertension and aortic 
V alvular disease is initiated in the outflow tract, especially m its 
apical portion, producing lengthenii^ but little broadening of the 
ventricle The result is that at this stage of dilatation the mitral 
orifice is unaffected It is only at a later stage, when the dilatation 
also involves the inflow trart, that the muscle surrounding the 
mitral orifice becomes likewise implicated and functional insuffi- 
ciencj appears This is the stage m which the transverse diameter 
of the V entncle, m addition to the previously affected longitudinal 
diameter, becomes increased, t e , when the heart is broadened as 
well as lengthened Similar considerations apply to the right 
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Nentncle ainl tht tncuspjd orifices Kirch also found that when 
the dilatation of the heart la purely i result of increased work and 
not due to disease of tlie rausclc (so^llcd tonogenous dilatation} 
the diluatioii consists onlj iti enlargement of the outflow tract 
with elongation of tlie heart the inflow tract is unaffected and 
tlie transverse vhvmctcr of the heart little affected The result is 
that in this form of dilatation functional insufficiency of the auriculo- 
vcntncular valves iloes not appear On the other hand when 
disease of the muscle participates in the production of the dilatation 
(myogenous dilatation} Kirch found that the inflow tract is involved 
and the heart broadened, witli the result that functional regurgitation 
develops in the auriculo-vcntncular valves Ihc carl> appearance 
of functional regurgitation m canhac dilatation due to myocarditis 
or anemia is thus readily comprehensible 

FTOCTIONAL MITRAL REGURGITATION 

'Ihis inav develop in dilatation of the left ventricle of anv ongin 
Thus functional mitral uicompeteiicy is encountered when the 
heart gives wav m hyperteusion aortic valvular defects and coro- 
nary sclerosis asvvtllasinUicinvocanlitides various fevers anemia 
thyrotoxicosis etc With restoration of the functional capacity of 
the left ventricle disappearance of the svstolic murDiur often 
indicates that the regurgitation has ceased Transitory functional 
incompetcncy occurs m paroxysmal hy pertension and is common 
in episodes of cardiac asthma 

It would appear probable that functional regurgitation due to 
ventricular dilatation is often supeninposed on organic lesions of 
the mitral valve Indeed in all likelihood tlie apical systolic 
murmur in early rheumatic fever is largely, if not entirely due to 
disease of the ventricular inyocarihum and not to the minute 
verrucffi which are present on the mitral valve at this stage 

In other cases functional regurgitation is uncomplicated by 
organic changes m the valve apparatus There can be little doubt 
that this IS tlie case m the transitory mitral regurgitation of par- 
oxy smal left ventricular failure m hypertension, aortic insufficiency , 
etc And m many long standing systolic murmurs in hypertension, 
sy phihtic aortic insufficiency, etc , I have satisfied my self at necropsy 
that the circumference of the mitral onfice was not above the 
normal • This indicates that the insufficiency must have been due 

* The dctDOnalration 0/ /unfit on*l or leuer deerces of orgamc m tral msuffic cofiy 
at necropsy is diffcult King* long ago obeerted tli*t 10 some healthy hearli ftivs 
introduced into the left ventricle 1* ret* ned by iheia tr*l valve but ta others thwe 
ts regurgitat on into the auricle More cecesUy tfan ’ has found that when nster 
IS introduced into the left venU-icle ond the latter compressed there is w»*ys * 
flow through them tral vslve However by using « standard pressure hehasbeen 
able to detect small leaks by the accelerated flo* through the or See 
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to the purely functional causes mentioned above But there are 
also cases of functional mitral incompetence of protracted duration 
m whicli the mitral orifice is found at necropsy to be dilated Evi- 
dently, in these instances the mitral ring has finallj become stretched 
perhaps largely as a result of the loss of the muscular support which 
IS so important m the normal functioning of the mechanism Here, 
the organic changes are secondary to the functional derangement 
In many, though bj no means all, instances of so-called arterio- 
sclerotic mitral insufficiency, the valvular incompetence seems to 
be the result of such stretching of the ring secondary to the muscular 
dilatation, and not to the few atheromatous foci on the curtains 
The traditional physical sign of functional mitral insufficiency is 
an apical systolic murmur transmitted more or less well toward the 
left axilla and sometimes even to the back Most often, the mur- 
mur 13 rather soft, but it may also be loud It is not accompanied 
by a thrill Usually, the murmur occupies onh the first part of 
systole but it mav extend almost to the second sound There is 
nothing characteristic about the effect of position on the murmur 
It 13 thus evident that the characteristics of the murmur do not 
serve to differentiate it from that of organic mitral disease except 
that a rough murmur accompanied by a thrill is not purely functional 
The differentiation between functional and organic svstohe mur- 
murs must be made almost entireh on the basis of the accom- 
panying circumstances If the appearance of the murmur accom- 
panies tlie onset of left v entricular failure it is almost surely func- 
tional, this opinion is substantiated if the murmur disappears as 
the heart rallies Cardiorespiratory murmurs if apical, can gen- 
erally be differentiated from that of functional mitral insufficiency 
by the characteristic change with the phase of respiration 
It should be mentioned that there are many instances of left 
\ entncular failure with characteristic clinical pictures in which no 
apical systolic murmur is audible I do not known whether this 
indicates that., for some obscure reason^ the murmur is not suffi- 
ciently well transmitted to be audible With extremely wide mitral 
insufficiency it is, of course, not surprising that the murmur may be 
absent Nor is it known whether the development of functional 
mitral insufficiency is a necessary prerequisite for the clinical 
picture of left ventricular failure The latter is usually dominated 
by the consequences of pulmonary engorgement (page 42G) It is 
to be presumed tliat high tension m the pulmonary circuit may be 
solely a consequence of the impediment to ventricular filling offered 
by the elevat^ diastolic intraventricular pressure that is part and 
parcel of the failure of the ventricle, and that systolic mitral regurgi- 
tation IS merely an accessory and un^ential factor Of course, 
once systolic regurgitation is present it will contribute greatly to 
the hypertension of the lesser circulatuin 
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FUNCTIONAL TRICUSPID INSUFnCIENCY 

Ihc structure of tlie trituspitl \aUt is such that the total area of 
tJit curtains is but little, m excess of that of the orifice Anatomical 
considerations thus indicate tliat appropriate diminution in the size 
of the tricuspid orifice bj muscular contraction must be \cr> impor- 
tant for the function of the \al\c, and that incompetence may arise 
quite rcadi\> Indeed, King* shoued long ago that when the right 
ventricle is filled with water soon after death, there is alwajs a very 
considerable regurgitation into tlie right auricle He considered 
that this phv siological mcomiictency subserves a useful function m 
averting pulmoiiarj engorgement when the venous return to the 
right huirt is unduly accelerated, and termed it the ‘ safetj valve 
function of the right ventricle ’ 

It IS therefore not surprising that functional mcompctence of 
the tricuspid valve often becomes very marked when the right 
veiitnele is dilated A tneuspid leak may develop in right heart 
failure of any origin, the most cooimon varieties arc those secondary 
to mitral, aortic, artcnosclcrotie and hypertensive disease affecting 
primarily the left heart, and the right ventricular failure of emphy- 
sema and other conditions marked by increased tension in the pul- 
monary circuit 'Hie pathogenesis of relative tricuspid incompe- 
tence IS analogous to that of relative mitral insufficiency, which has 
already been discussed In some instances of undoubt^ functional 
tricu«pid insufficiency, as is true of similar mitral defects the 
orifice docs not appear enlarged at necropsy , the regurgitation hav- 
ing apparently been a vlircct consequence of myocardial weakness 
But in others the ring is dilated to well above its normal circum 
fcreiicc of 12 or I J cm , readily admitting four or more fingers 

Current clinical opinion often contains the tacit assumption that 
relative tricuspid uicouipctence is always present when right lieart 
failure is revealed by such peripheral manifestations as engorge- 
ment of the veins and liver While this may be true, it has not 
been proved to be the ease la many instances of right heart 
failure, graphic study of the pulsations in the cervical v eins and of 
the enlarged liver reveals no unequivocal evidence of tricuspid 
regurgitation Of course, tneuspid regurgitation can and does 
exist without such evidence However, it may well be as discussed 
in connection with functional mitral insufficiency, that the venous 
engorgement of right heart failure can result purely from the 
uicreased diastolic tension in the right ventricle without preter 
natural regurgitation through the valves The question is tlieo 
retically important and m need of further study 

The recognition of relative tneuspid insufficiency is by no means 
always easy Ihe typical systohe murmur is located m the fourth 
and fifth interspaces close to the left of the sternum and is trails 
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mitted better to the right than the left It is usually rather soft, 
and IS not accompanied by a thrill In cases m which such a mur- 
mur IS known not to have been present, its appearance maj char- 
acterize quite definitely the complication by tricuspid competency 
of mitral or other cardiac disease Often, however, the murmur 
is difficult to separate from the mitral systolic murmur that is 
usually also present In fact, Laubry^ holds that many systolic 
murmurs believed to be of tricuspid origin are actually mitral 
murmurs, the site of maximum loudness of which has been displaced 
toward tlie mid line by rotation of the heart due to dilatation of the 
left ventricle The murmur should not be confused w ith the not un- 
common crunchmg sound due to movement of the xiphoid There are 
many cases of relative tricuspid insufficiency in which a murmur 
13 not audible And m extreme usually terminal, weakness of the 
right V entricle, apreviously distinct murmur may weaken or become 
inaudible 

A sign that may awaken tlie suspicion of tricuspid insufficiency 
at the first glance is the tentncitlar form of xenom puke in the cervical 
veins, i e that form of the venous pulse vvhich is dominated by 
a large systolic filling of the vessel This phenomenon is described 
on page 117 where it is pointed out that it also occurs m auricular 
fibrillation m the absence of marked tricuspid insufficiency The 
simultaneous presence of auricular fibrillation and tricuspid insuffi- 
ciency, for reasons mentioned on page 117, offers the ideal condition 
for the development of a promioent ventricular venous pulse In 
the many instances in which the ventricular venous pulse can be 
seen m the veins of the extremities (page 118), there is probably 
almost always tricuspid insufficiency It should be mentioned 
that tricuspid insufficiency is present on unusual occasions m the 
absence of ventricular venous pulse, this is most likely due as 
pointed out by JIackenzie,” to the presence of a very capacious 
auricle which takes up the regurgitated blood with little increment 
m intra auricular tension and consequently but slight transmission 
of a wave into the jugulars Unusually efficient valves m the lower 
ends of the jugular veins may also be concerned 

Rapid filling from below of the jugular veins which have pre- 
viously been emptied and compress^ by the finger, has been 
thought evidence of tricuspid insufficiency However, this may 
also result from auricular engoi^cment of any ongm, notably in 
auricular fibrillation 

An almost unequiv ocal sign of tricuspid regurgitation, when pres- 
ent, 13 systolic pulsation of the liver (page 256) However, it is not 
demonstrable by physical, or even, by graphic, examination m all 
instances of tricuspid incompetent This is probably often due 
to the same causes as those just mentioned which prevent the 
appearance of the v entricular form of die v enous pulse m the terv i- 
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cal \cins In longstanding tncuspid disease induration of the 
li\i.f in\j inhibit hepatic pulsation ihcre are nian> instances of 
tricuspid insufficiency in uhich a ventricular venous pulse in the 
cervical veins is not accompanic'd by hep itic pulsation presumably 
because the rcgurgit ition is not forcible enough to distend the liver 
sufficiently for palpation 

The svniptoms in relative tricuspid insufficiency are those of 
right heart failure in general winch m iv of course be superimposed 
on those of left sided failure It will bcir repetition that vvitJi tlie 
onset of rclatn c tricu pul regurgit itioii orthopnea and other sy nip- 
t< ms «lue to tlie pulmonirv engorgement of left sided failure mav 
be greatly anichoritcd while the evidences of systemic venous 
engorgement arc aggr iv ated 

PONCTIONAI. AORTIC INSUFFICIENCY 

Wlien water is uitroduccil under Jngh pressure into the aorta or 
pulmon irv artcrv ntpiatmortemexunmation only a minute quan 
tity passes through the Icilthv valve into the corresponding ven 
triclc The fictor of muscular contraction tlius appears to be of 
far less moment for tlie closure of tlie semilunar valves than for 
that of the aunculo-ventriculir aperture In accord vvitli this 
functional insufficiency of the irtcnal orifices would be anticipated 
to be mucli less common than is true of tlie aunculo^ventricular 
valves In fact the existence of functional insufficiency of the 
semilunar valves was long dented by many clinicians Of course 
relative insufficiency of the aortic orifice due to ]>ermanent dilatation 
of tl t aortic ring as i p irt < f a dilatation of tlie aorta alre.idy 
known to Corrigan * is not to be includal in the category of func 
tional aortic insufficiency Bearing this distinction in mind 
function il lortic insufficicncv is quite unusual but docs occur 
C ises which exhibited an aortic diastolic murmur and the char icter 
istic peripheral phenomena of aortic regurgitation but m which the 
aortic valve was normal at necropsv (even 1 olding back water as 
well as normally) have been reported bv Laubry and Doumer* 
(4 cases) Schlesinger** and nunv others 

Irue functional aortic regurgitation is a complication of dilatation 
of the left ventricle Win it is present in rare instances of such 
dilatation and is absent in the vast majority is not clear Presum 
ably functional regurgitation develops when the dilatation involves 
the mvocardium iiumediatclv connected with the aortic ring evi 
dcnce for this conception is afforded by the observations of Ortner 
mentioned below The roritv of functional aortic regurgitation is 
the more peculiar in tJie light of tlie observ ations (page 29S) that 
dilatation of the left ventricle in hvpertenson is initiated m the 
terminal portion of the outflow tract 
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Two mam groups of cases of functional aortic insufficiency are 
encountered 

1 Those in which dilatation of the left ventricle accompanies 
arterial hj'pertension In these instances there is apparently coin- 
cidence of the two factors of dilatation of the heart muscle and 
stretching of the aortic nog bj the high blood pressure Gallavardm 
and Vaquez* have noted transitory aortic incompetence during 
hypertensive crises which disappeared when the blood pressure 
fell I have on several occasions observed the development of the 
tVTDical murmur of aortic insufficiencv during the last davs of life 
of patients with hypertension and left ventricular failure which 
exhibited the murmur of aortic incompetence w ith the characteristic 
peripheral phenomena and in which the aortic valves were normal 
at necropsy 

2 In the course of pernicious anemia aswasobservedbv Biermer' 
in his original cases the characteristic diastolic murmur of aortic 
insufficiencv mav develop According to Goldstein and Boas* 
prior to the introduction of the liver treatment about 10 per cent of 
patients with pernicious anemia exhibited such murmurs tliev 
may also develop iii severe secondarv anemia At postmortem 
examination the aortic valves mav show no abnormalitv In two 
cases of pernicious anemia with functional aortic insufficiency 
Ortner'* made the mtcreating observation that precisely that 
portion of the heart muscle which serves as a support of the aortic 
valve was the seat of fattv degeneration of v erv high degree while 
the rest of the heart muscle showed this degenerative change to a 
much less extent 1 his localization perhaps accounts for the fact 
that the patients may have few svmptoms of heart failure 

Functional aortic insufficiency mav alsodevelopmleft ventricular 
dilatation of other origin thus Laubry and Doumer* verified the 
existence of such a functional aortic murmur at the necropsv of a 
case of adhesive mediastmo-pencarditis 

FUNCTIONAL INSUFFICIENCy OF THE PULMONIC VALVE 

Like the corresponding aortic defect this is unusual though not as 
rare as has been generailv thought Relatiye insufficiency of the 
pulmonic valve was observed by Stokes'* and bis contemporaries 
but the attention of the profession to the question of functional 
pulmonic regurgitation is largely due to the description by Steell'* 
of a diastolic murmur of high pressure m the pulmonarv artery 
since known as the Graham St^l murmur There has been con 
siderable discussion pro and con relating to the existing of such a 
murmur of functional pulmomc insufficiencv , but sufficient material 
with necropsv control has now been reported to state that such mur 
murs are not great rarities I have encountered them several times 
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Functional pulmonic insufficiency occurs most often m mitral 
stenosis but may also complicate on rare occasions the oUier 
conditions nliicb Itad to liypertcnsioii of the Ics&er circulation 
e g emphysenu extcnsi\e pulmonary fibro&is kipliostoiiosis etc 
(Sec Sclinartz>‘ for literature) I sun a ci&e of left \tntncular 
f ulure in hypertension in nliich i murmur of pulmonic regurgita 
tion <lt\doped but here tbc necropsy revealed v bicuspid valve 
m mom ilv nhicb doubtless prcdisi>os^ thevalve to incompetency 
when under the strain of the iiureascd tension m the pulmoniry 
circuit 

\t necropsy most of the t ists reveal widening of the pulmonic 
ring acet inpauj mg dilatation of tlic pulmonarv arterv and tonus 
arteriosus of the right ventricle It would setiii that the most 
important factor in the pruduetioii of the dilitation of the ring is 
the increased pressure in the pulmonic circuit i c tlic defect is 
basically functional m causation However, m the cases of mitral 
stenosis furtJier study is ntcaled to learn what part is played by 
involvement of the pulmonic nng by the rlicumatic lesions which 
Kugcl and I pstem* liuvc shown to be so common m the pulmonary 
artery proper especiallv at the root It i» also possible that there 
are cases m which an atlicroselerotic process in the pulmonary 
artery implicates the ring Notable atherosclerotic lesions of the 
cusps themselves must be rare if they occur at all 

Ihe regurgitation results m a diastolic murmur It is heard 
best «\ tlic sccoud and third interspaces to the lelt of the sternum 
and may extend a variable distance downward or to the left The 
murmur is generally soft and faint it follows directly after the 
second sound and is of variable length Obviously tliese charac- 
teristics do not serve to difTerentuite tlie Graham Steell murmur 
from that of aortic insufficiency The differentiation lias been 
considered so difficult that many clinicians refuse to make a diag 
nosis of functional pulmonic msufficiciicy under any circumstances 
However there are cases in which the diagnosis may be ventured 
with considerable assurance It is based on the absence of mdi 
cations of aortic insufficiency other tlian the murmur and the 
presence of a cause (usually mitral stenosis) for and ev idences of, 
hy pertension of the lesser circulation The latter are 

1 Very marked accentuation of the pulmonic second sound 
usually accompanied by a palpable impulse m the pulmonic area 

2 Roentgenological evidence of dilatation of the pulmonary 
artery The following excellent description is given by Schwartz “ 

Fluoroscopically cases with mitral stenosis when placed in the right 
anterior oblique jwsition show as a (haractenstic sign of U e disease a 
marked encroachment of the left auncle upon the retrocardiac space 
This 13 true also in cases m which there 1 as been an accompanying mitral 
insufficiency of long duration so as to cause left ventricular hypertrophy 
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With the patient m the same position, there is only moderate bulgmg of 
the pulmonary artery visible m the uppermost part of the cardiac shadow 
toward the anterior part of the chest In the cases of mitral stenosis, 
however, v, hich present a diastohc murmur at the second or third mtercostal 
spaces to the left of the sternum (m the absence of signs of aortic disease), 
the pulmonary artery almost assumes the first upper curve of ^e left 
side of the heart in the form of a huge bulge which shows just as prom- 
inently in the right anterior obhque position The artery does not pul^te 
forcibly as m congenital lesions of the heart (there may be a 'hilar dance,' 
see page 218) When the left \entncle is not markedly enlarged this 
pulmomc bulge may also be seen m the uppermost space adjacent to the 
spinal column with the patient m the left posterior oblique position 
I have never observed a similar dilatation of the pulmonary artery m cases 
of mitral stenosis accompanied by aortic insufficiency ” In some of the 
cases, a «man left ventricle speaks strongly agamst aortic insufficiency 

3 Right axis deviation in the electrocardiogram 
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CHAPTEll XXfll 
CARDIAC PAIN* 

Pain raay be a symptom of any of the diseases marked by struc- 
tural changes in the heart, although the frequency and severity of 
tlie pain varies enormously In tlie Individual affections. Pain hav- 
ing at least some characteristics In common witli that of "organic” 
lieart disease is also common In neurocirculatory asthenia and other 
neuroses. And finally tlie same sort of pain may appear in the 
healthy as a result of great overexertion, as in atliletics for which 
the individual is not properly trained. In all of tliesc circum- 
stances there is reason to bclicx c that the pain is the result of stimuli 
acting on the sensory nerves within the heart. IIo\\ever, it may 
ucll be that in addition to those conditions in which actual changes 
in the heart result in preternatural stimulation of the nerve endings, 
pain may also result, in neurocirculatory asthenia, from the wonted 
stimuli acting on a hypersensithe ncr\'ous apparatus. In the fol- 
lowing u c shall use the tenn cardiac pain as a generic designation 
for pain mediated tlirough the cardiac ner\ cs, whatever the patho- 
genesis and \sliethcr it is localized In the immediate vicinity of the 
heart or is referred to such parts as tlie elbow or the abdomen.f 

* For a detailed diecuMioo ol cardiac pain and Ibe pbyeiolos/ and pathology ot 
Ibo coronary artonce, the reader w reterr^ to l.cvy'a’* authoritative vtork. 

t la connection n’llh tcrniinolocy. a few «<ird> may not bo amias regarding the 
term angina ftcUxni, abich ha* been used aitb various connotaticina and thus led 
to confusion Ilebcrdcn" originally introduced tbs expression to designate s disease, 
or, as be put it, "a disorder ol tbo breast marked aitb strong and peculiar symp- 
toms ' Ilcbcrden's patients were probably almost all sufTcrcra from coronary 
arteriosclerosis although some may bavo bad syphilitic aortitis Consequently, 
many physicians use the term angina pectoris or Hebcrden'a angina, to connote a 
disease in which there is narrowing of the coronary arteries. However, such a usage 
seems ill-advised (or in many instances of lbs diseases (coronary arteriosclerosis 
and syphilitic aortitis) in whicb tbero is narrowing of the coronary lumens, the 
cbnicol picture is dominated by heart failuie and pain is entirely absent, so that 
the designation angina pectoris is out of place The tendency of contemporary 
writers is to use sngma pectoris sa a deeignation of a symptom, and when possible 
to qualify it by the cause, e g , aopoa pectoris due to coronary arteriosclerosis, to 
syphilitic aortitis, or to rheumabe aortic regurgitation Thus, in a recent lecture, 
Libman” defines angma pectoris as "a tenn used to desenbo a pain and certain 
accampsnymg clinical pheoameoa, of a kind that lead one to believe that the causa- 
tion lies in the cardiovascular apparatus of the thorax, this includmg the heart, 
blood vessels and nerves ” Used io this sense, which seems the best justified and 
which will be applied in this book, anpino peofone hccomat liUU more than a tgiiongm 
/or cardiac patn The conception of angina pectoris WlU be more sharply defined 
if It IS proved, as recent mvestigntionB to be aummarued m the following strongly 
indicate, that the pain in question lapraeticatly always a manifestation of myocardial 
ischemia Great circumspection is needed in the use before patients of the words 
angina pectoris, for they have become almost synonymous with sudden death in the 
lay mind. In all probahvlvty ibe unn angina pectoris wUl gradually become obso- 
lete m other than historical discussiona, to be replaced by expressions such as cardiac 
pain due to coronary arterioaclerostf. aortio regurgitation, etc. 

( 408 ) 
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Discussion of the occurrence of cardiac pain (for statistics see 
Bruenn, Turner and Levj*) will be postponed to the sections on 
individual diseases Here, it may be remarked that the classical 
domam of cardiac pain is narrowing of the coronary lumens due 
to arteriosclerosis, thrombosis, or syphilis Pam is also common 
and severe in aortic valvular disease, but far less frequent in pro- 
nounced form in mitral and other valvular defects In right-sided 
cardiac stram secondary to pulmonary lesions or congenital heart 
disease the so-called angina hjq>erc> anotica (page 544) occurs on 
rare occasions In rheumatic, diphtheritic, and other forms of 
myocarditis, and in acute and subacute bacterial endocarditis, pre- 
cordial ache is occasionally present but severe pain is a rarity, if it 
occurs m uncomplicated cases In massive cardiac hypertrophy 
due to hypertension or mediastino-penearditis, cardiac pain occurs 
hut IS rarely severe m the absence of complicating coronary artery 
disease On rare occasions, the inception of a new rhythm, as 
auricular fibrillation or paroxvsmal tachycardia, is accompanied by 
Violent anginal pam, the picture may simulate coronarv thrombosis 
Most instances of pericarditis are painless, but sometimes pam does 
occur Typical cardiac pam mav result from anemia It may also 
be a symptom m the overacting heart of hyperthyroidism or when 
thyroid IS administered m my x^ema Finally it may be repeated 
that cardiac pain is a common sy mptom of ncurocirculatory asthenia 
and may occur m the healthy during violent exertion 

CHARACTERISTICS OF CARDUC PAIN 

In Its most typical form, cardiac pam occurs m paroxysms pre- 
cipitated by exertion, is located under the sternum with a tendency 
to radiate to the left shoulder, is compounded with a sense of con- 
striction, and IS relieved by rest or nitrites But none of these 
characteristics is constant and they are combined with one another 
or additional manifestations in almost infinite variety 

The attack is brought on by exertion or excitement (angina o/ 
effort), the one concerned is largely determined by the habits and 
temperament of the patient In cases in which exertion produce 
pain, Wayme and Laplace*’ found with a stair-climbing test that 
the amount of exercise required to evoke pam was approximately 
the same on repeated examinations of any individual A hearty 
meal may be followed by pain, as may exposure to cold, victims 
of coronary arteriosclerosis often have less pam m Florida than in 
New York during the winter Exercise following a full meal or in 
the cold is especially apt to mcite cardiac pam m those subject to it 
Less often cardiac pam appears m the absence of any obvious 
exciting cause, even when the subject is asleep— the angine Se 
decubiiu^ of Vaquez ** Such nocturnal attacks are especially apt 
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to occur m individuals who also have cardiac asthma with which 
thej maj alternate Ilcmorkabl/ enough, in rheumatic aortic 
regurgitation anginal pain may not onl> appear when the individual 
IS at rest but also be relieved by getting up and walking about 
(page 475) 

The site of the pain is most often under the sternum reaching 
rather more to the left than to the right Less often it is situated 
tow ard the apex of the heart a site which is more common m pains 
of psjchoneurotic ongm While the pain may remain strictly 
localized m the substemal or prccordial region when severe it tends 
to radiitc toward the left shoulder and down tlie left arm Most 
often radiation is down the inner surface of the left arm as far as 
the elbow but it may also extend down to tJie little and rmg fingers 
Radiation to tlie corresponding points of the right side occurs but 
13 less common Not rarely the pain extends to the back especially 
to the interscapular region l^inetimes, especially m coronary 
thrombosis the pain is referred to the epigastrium Exceptionally 
tlie pain extends to the jaw tccthorhcad teeth have been extracted 
for pain of cardiac origin Radiation of the pain to the left testicle 
and lower extremity has been described I recently saw a case of 
coronary thrombosis in whicli the pain accompanied by cutaneous 
hyperalgesia m\ oh cd the entire left half of the body 

It IS to be cmpliasized that (hero aro many mstaoces in which cardiac 
pain IS referred entirely to the shoulders or less often the elbows or other 
parts of tho upper cxtrcmitica especially the left Libnian“ long ago dts* 
cu«‘«ed the association of the symptomatology of disease of the shoulder 
jomt or subacromial bursa with angina pectona Howard * described pen 
arthritis of the shoulder with coronary artery disea«e I have repeatedly 
knovn indivadusls with coronary artenosclcrosis to be regarded as suffer 
ing from artl ntis of the shoulder joint or subacromial or subdeltoid bur 
sitis for considerable periods ^eiLen and ^\olfe^th’ have recently 
deocnlied 14 cases m whicli more or less constant pain in the shoulder region 
most often the left but also tl e ng^t developed within a period of four 
montl 3 after acute imocardial infarction they observed the pain to last 
over five jears Dr E P Boaa and tlie wntcr have made similar observa 
tions and the subject has been discussed in eztenso by Boas and Levy^ 
We hav e also obtomed a history of slioulder pain of duration of ev en a } ear 
preceding coronary thrombosis many of the patients had marked limita 
tion of movement and were treated for arthritis of the shoulder or sub 
acromial bursitis The frequency with which cardiac pain first manifests 
itself evclusivel} in the sloutder is so great that the practitioner should 
bear the possibihty m mind in all middle aged mdmduals who complain 
of pan and linutation of movement m the slioulder especially the left 
Edeiken and Wolferth regard (ho pam as analogous (o causalgia they quote 
Lenche as findmg that obstruction of an artery may produce causalgia 
However the fact that the pam may precede coronary thrombosis would 
speak agamst the vahdity of (hia mqilanation m all cases Perhaps reflex 
hypertonus of the muscles of tte shoulder girdle plajs some part the joint 
and adjacent bursx being dama^d as are the joints of a hemiplegic limb 

Anginal pam is occasionally referred to a diseased viscus such as a canoiis 
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tooth (Mackenzie**) or a diseased gall-bladder On the other hand, Boas 
and Levy* point out that m patients with coronary artery disease pain 
emanating from peptic ulcer or a diseased gall bladder may be referred to 
the usual distnbution of cardiac pam These interrelationships, which may 
produce diagnostic dilemmas, are perhaps attributable to sensitization of 
spinal segments correspondmg to the diseased \TScera (c/ Boas and Levy 
for an excellent discussion) 

The ner\ e pathways concerned m the reference and radiation of 
pam from the heart are discussed on pages 420 and 775 
The pain is \atiQusly pictured ilost often it is described as 
pressing, gripping, constricting or vise-like m character, or as a 
feelmg of tightness across the chest or strangulation The feeling 
of constriction may be m the neck and may then be difficult to 
differentiate from djspnea Mackenzie*® attributes the sensation of 
constriction to reflex hypertonus of the intercostal muscles, a con- 
ception which IS not proved The pam is contmuous and not 
throbbing The pam may be burning Sometunes it is described 
as a feelmg of weight under the sternum which is more oppression 
than actual pain Often the patient depicts his discomfort as a 
feelmg of gaseous distention behmd the lower sternum or m the 
epigastrium, and states that be is relieved when he belches Accord- 
ing to Mackenzie, this is due to swallowing of air durmg the pain, 
which IS brought up when the pam is relieved Although the skm 
may be hj^eresthetic, cardiac pam is neither produced nor intensi- 
fied by pressure In the arms or hands the sensation is often that 
of numbness, weakness, tingling, or burning, these may antedate 
actual pam 

The intensity and duration of the pam vary within wide limits 
All gradations between trivial and momentary retrosternal oppres- 
sion and protracted constriction so agonizing that the victim re- 
mains, whatever his position, as though held in a vise Any attack 
lasting an hour or more is suspicious of coronary thrombosis, m 
the latter the pam may last for days or even weeks and be control- 
lable only by heroic doses of morphine The subject usually prefers 
to remain quiet until the storm has passed or been relieved by 
medication, but, as mentioned abov e, there are cases, especially in 
aortic regurgitation, m which relief is obtained by movmg about 

Libman** has emphasized that cardiac pam is to be mterpreted in the 
of the mdividual’a sensitivity to pain He has found that attacks of 
coronary thrombosis with little or do pam, but with such manifestations as 
weakness, syncope, vomiting, sweatmg, and other manifestations of shock, 
are especially apt to occur in those who give other evidences of hyposen 
sitmty to pam • Some of the cases of what Gairdner* called angina sine 
dolore—m which these manifestations may be accompamed by peculiar 
sensations in the cardiac region that the patient finds it difficult to describe 

* And when pam do«a occur in such hypoaenntiv es Libtnan finds that it u apt 

to be atypical m location and radiation 
26 
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but arc not octiial pain and by fear of unpcndins death— doubtless belong 
m this catcgoiy However, Wayne and Grsybiel** point out that this 
picture may also result from the onset of an abnonnal rhyUun (approaching 
ventricular fibrillation m their case) Conceivably, though tliis is only a 
hj-pothesis, the abnonnal rhythm is engendered by myocardial ischemia 
m an area m which tlic nerves have previously been damaged and do not 
transmit Uic pain unpulsca, so that the attack is similar m pathogenesis to 
cardiac pain 

Attacks of angina pectons may include a fear of impending death, 
the welhkiiown angor aniwuor fear of impending dissolution How- 
ever, this IS present m only a minority of even severe paroxysms, 
and 13 doubtliss often a result of the patient’s knowledge of the 
dangers of his condition 

Cardiac pam is often accompanied bj tenderness of the skin 
and muscles of the aifccted area Often, indeed, the hjTJeralgesia 
extends considerably beyond the limits of the pam, even down to 
the little finger of the left hand, and may be continuous}^ present 
for months even though there arc few painful seizures In attacks 
of coronary thrombosis witli little or no pain precordial hyperalgesia 
mav be present Various reflex phenomena may occur Thus, I 
saw a patient m wliom the attacks were accompanied by blancbing 
of the little finger of the left band due to vasoconstriction and 
another in whom the entire left hand was blanched There may 
be spasm of the muscles of the shoulder girdle Sweating and 
salivation are common, and tlie seizure mav be followed by the 
passage of large volumes of pale urmc On very rare occasions 
herpes zoster implicates an area closely associated with the dis- 
tribution of the pirn, Spillanc and \Vliite“ suggest that ‘repeated 
iionibardmcnt of spinal root ganglia by aflerent impulses from the 
ischcmic heart gives rise to antidromic impulses that lead to vaso- 
dilatation and blister formation in referred cutaneous areas ” Some 
patients are pale during the attack, others flushed 

lieejnralion is not always affected during cardiac pam When 
the pain is very severe, the patient may hold his breath for a long 
period and then state that he could not breathe Heberden origi- 
nally described dyspnea as absent during the seizure, and this is 
most often true Often, however, the patient states he cannot 
catch his breath during the attack Anginal attacks awakening 
the patient from sleep mav be assoaateil with paro\ysmaI dyspnea 
(cardiac asthma) and be repeatedly accompanied by pulmonary 
edema In such instances, presumably, either a disturbance in the 
circulation of the left ventricle not only evokes the pam but also 
failure of that chamber, or else some factor increasing tlie work 
of the left \ entncle {e g , & disturbing dream) produces both the 
pain and the failure Often it is difficult to differentiate whether a 
sensation of strangulation or thoracic oppression is pam or dy spnea 

In attacks of cardiac pain not due to coronary thrombosis, 
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artenal pressure is almost always elevated, though rarely much, 
over the le\el prevailing m the intervals This was the case as 
regards the systolic pressure m 13 of 15 patients studied by Wood 
and Wolferth-’* and ui all 23 observed by Levme and Ernstene^* 
The diastolic pressure generally shows little change A sharp fall 
m arterial pressure during cardiac pam or after it is strongly sug- 
gestive of coronary thrombosis, it also often occurs when the pam 
accompanies the onset of an ectopic rhythm In partial and complete 
coronary obstruction in anesthetized animals Sutton and Lueth" 
and Wood and Wolferth always observed a fall in arterial pressure 
In unanesthetized animals, Shambaugh®* found that coronary ob- 
struction was followed either bv a fall or less often a slight rise in 
pressure Wood and Wolferth attribute the rise in pressure during 
anginal pain to pressor reflexes evoked bj the pain On the other 
hand, Levine and Ernstene and Wayne and Laplace believe the 
rise in pressure to be rather one of the causes than a consequence 
of the anginal seizure The latter investigators base this opimon on 
the observation, in individuals in whom they produced cardiac pain 
by exercise, that a rise in pressure equal to that observed during 
the pain was produced when they stopped the exercise just short of 
provoking pain 

The state of the pulse during the attack is largely dependent on 
the underlying condition and on the exercise, excitement or otlier 
factors which precipitated the seizure Often, as described by 
Heberden, there is no change in the pulse during the attack Gold- 
hammer and Scherf** detected ventricular extrasystoles during 
attacks, attributing them to the ischemic focus In 4 of their 
11 patients, Wayne and Laplace observed alternation of the pulse 
during anginal attacks brought on by exercise, but alternation can 
often be evoked by exercise when the heart is diseased (page 85) in 
the absence of pain 

THE NATURE OF CARDIAC PAIN 

Cardiac pam stands almost alone among symptoms in the specu- 
lation it has provoked, Hudiard^’ enumerated no less than eighty 
theories of the origin of angina pectons We shall not review these 
theories but refer the reader to the great works of Allbutt* and 
Huchard for their details, and to the paper of Keefer and Resnik** 
for an excellent and more recent survey which forcibly impressed 
on the profession the strength of the evidence for the anoxemia theory 
of angina pain Omission of a historical discussion (see Herrick**) 
IS all the more permissible since the theory that the common forms 
of severe cardiac pam are due to ischemia of the myocardium- 
evolved by Heberden’s contemporanes, Hunter, Jenner, Pany, and 
Gums on the basis of the detection of calcification (“ossification”) 
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of the coronnrj arteries at necropsy in individuals who had angina 
pectoris— seems after a century and a half of Mcissitudes in fa\or, 
finally to ha\c been estiblislicd by experimental studj The con 
ception was fonnuhtcd m very much its modem form, by Bums* 
lie held tliat angina pectoris anscs from deficient blood supply to 
the myocardium duo to coronary narrowing much os pain quickly 
(le\ clops when one attempts to excrase an extremity about which 
there IS a constricting band 

Cardiac Pam and Myocardial bchemia — The evidence cstabhsli* 
mg Burns theory that myocardial ischemia produces cardiac pain 
IS ns follows 

1 In tilt %ast majority of instances of sc\Lrc cardiac pain one 
finds at necropsy narrowing of tlic coronary arteries eitJier along 
the trunks as i result of arteriosclerosis or at tlieir mouths m con 
sequence of syphilitic aortitis Most of tlie remainder have free 
aortic regurgitation w Iittli diminishes coronary flow (page 475) It 
will he seen later that m at least some of the few remaining causes 
of severe cardiac pain— other than those of psy clioiieurotic origin- 
factors are operative which may interfere with the metabolic 
exchanges betw cen blood and heart muscle 

2 Coronary thrombosis (and the rare embolism or occlusion of 
the coronary mouths by aortic vegetations) results in violent cardiac 
pam fundamentally similar to tliat m the class of casesjust described 
That the pain of coronary occlusion is due to localized myocardial 
ischemia would seem highly probable 

3 During paroxysms of cardiac pam electrocardiographic changes 
have been observed which arc of the same ty^ic as those occurring 
in coronary thrombosis and which pass awav witli the pain The 
first observation of this nature was made by Bousfield* m a patient 
with aortic regurgitation and a history of both rheumatic fever and 
lues As he was about to tal c the record spontaneous cardiac pain 
appeared and the electrocardiogram (previously abnormal) showed 
changes akin to those of the common type of bundle-brancli block 
and then reverted with the passing of the pam to its previous form 
Similar observations of electrocardiographic changes during anginal 
pam have been made by red and Siegel* and others Wood and 
Wofferth studied 30 patients with angina pectoris m 0 the attacks 
observed were spontaneous m the remaining 24 they were induced 
by exercise In 15 of the patients tlie attacks were accompanied 
fay transitory inversion of the T wave deepening of an already 
inverted T wave or deviation of the R~T segment from tlie base 
line none of these changes occurred during exercise in control 
subjects with or without cardiac disease who did not have anginal 
pam Wood and Wolferth were able to produce similar ciianges 
m the electrocardiogram of dogs and cats by temporary interference 
with the coronary circulation Finally, Larsen“ observed the same 
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changes m tlie electrocardiogram m 13 of 17 patients with coronary- 
disease during induced anoxemia The demonstration that m 
angina pectoris due to coronary artenosclerosis or aortic regurgi- 
tation transitory changes occur m the electrocardiogram of the 
same tj'pe as in coronary thrombosis, experimental coronary 
obstruction, and induced anoxemia, furnishes strong evidence of 
circimiscnbed myocardial ischemia during the attack 
4 Recently, what appears to be cardiac pain has been produced 
in animals by temporary obstruction of the coronary arteries 
A great difficulty in the study of angina pectons m the experimental 
animal has been that the subjective nature of the basic phenomena 
of the attack renders them difficult to register in animals How- 
ever, this has been overcome to some extent by experiments of 
Singer,®* Sutton and King and Sutton and Lueth Ihe latter 
investigators passed a ligature around a large coronarj branch m 
the dog When the arter> was narrowed or occluded bj traction 
on the ligature the dog alwajs manifested pam by restlessness, 
stiffening of both forelegs but especially the left, limping of the 
left foreleg, and whining With release of the ligature, the evidences 
of pam promptly subsided Sutton aud Lueth believe that the 
pam IS conducted by nerve fibers around the blood vessels for the 
pam disappeared when the arterial wall was stripped and painted 
with 80 per cent alcohol They further found that occlusion of a 
coronary mouth by a small knob at the end of a brass rod produced 
pam Ihis mdicates that the pain called forth by occlusion with 
a ligature is actually due to diminution m blood tiow to the myo- 
cardium and not to pressure on the nerves or to distention of the 
artery above the ligature 

Using Sutton and Lueth s technic, Pearc^ ei al ,** White et al ,** 
Katz el al and Shambaugh** have been able to evoke the same 
pain responses m the dog Nevertheless, Katz and his associates 
do not believ e that the pam is due to the occlusion of the coronaiy 
artery and -the resultant myocardial ischemia, but rather that it 
results from direct stimulation of the nerve plexus surrounding the 
artery They has* thi^ view on observations that compression of 
a carefully isolated coronary artery produced no pam, although the 
latter developed when the undissected artery above or below the 
ligature was compressed, and that while complete preliminary 
occlusion of the carefully isolated artery produced no pam, the 
latter could still be ev oked by compression of the artery abov e or 
below the site of occlusion However, it seems difficult to explain 
other than on a basis of my ocardial ischemia, Sutton and Lueth’s 
finding that plugging of a coronary mouth produces pam, and 
Shambaugh’s recent demonstration that if slight compression insuffi- 
cient to produce pam be mamtamed and then the work of the lieart 
be increased by the injection of qiinephnn, pam results 
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5 The fact that any agent whtcli increases the work of tlie heart 
and consequently tlie requisite volume of coronary blooci How may 
precipitate cardiac pain is in excellent accord with the theory that 
the pain is due to ischemia of the muscle Among these agents are 

(a) Kxercise and excitement arc the common mcitants of anginal 
attacks llicy not onl> increase tlie minute volume and blood 
pressure, thereby augmenting the work of the heart, but through 
au'e}eratmg tiie rate also sliorten dmtole, which is the rest period 
of the heart and the tune during which coronary filling is probably 
maximal The relation of exercise to cardiac pain has been studied 
quantitatively by Wayne and Laplace They subjected 11 individ- 
uals who sufFcrcd from cardiac jiain on exertion to an exercise 
tolerance teat b^ means of stair-climbing Wajne and Laplace 
found that in each individual the amount of exercise required to 
produce pain was approximately constant They further showed 
that in these cases the appearance and disappearance of the pain 
IS much more closely related to the heart rate than to the artenal 
pressure, an observation which indicates the enormous importance 
of the rest period m the presence of decreased coronary flow 

(b) Cardiac pain is cspcaall> apt to follow a heavy meal Glad* 
stone" has shown tliat during digestion cardiac output is increased 
an average of 23 per cent, since the mean arterial pressure tends to 
rise a little, tlierc is even more tlian a corresponding increment m 
cardiac work That this increase m the work of the heart is corre- 
lated with Uic frequency of post-prandial pam is indicated by the 
work of Wajne and Graybiel They found m G subjects with 
angina of effort that after a heavy meal the amount of exercise 
required to produce pam was decreased by 25 per Cvnt On the 
other hand thtj found that inflation of the stomach witli am, even 
when sufficient to displace tlic heart and produce epigastric dis- 
comfort, had no effect on the exercise tolerance However, there 
may also be cases m which gastric distention, presumably through 
some reflex influence, is significant m tlie production of pam, for 
Wayne and Graybiel describe an mdividual m whom anginal 
attacks sometimes came on without relation to exercise and m 
whom inflation of the stomach with air did produce cardiac pam 
Light may bt thrown on the mccliunism bj which gastric distention 
favors ciirdiac pam bj the axperiraents of Gilbert, Lellov and 
Fenn They find that inflation of a balloon within a dog s stomach 
caused reduction in blood flow through the left coronarv arterj mil 
of 13 observations Gilbert and his associates attribute the decrease 
in coronarj flow to reflex vasoconstriction imtiated b\ the gastric 
distention 

(c) Rothschild and Ivissin*^ showed that if patients subject to 
cardiac pain breathe an c^gen-poor atmosphere tlie pam may be 
induced The increase m cardiac output that results from anox 
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emia is presumably responsible, although the low oxygen saturation 
of the coronary blood may also be concerned in producing the 
metabolic changes in the mj ocardium responsible for the pain In 
support of the latter conception is Kissm’s” demonstration that 
pain develops in an exercising skeletal muscle more readily when 
there is anoxemia, e\ en when blood flow is not retarded 

(d) In anemia the nork of the heart is increased (page 576), 
cardiac pain may occur and disappear when the hemoglobin rises 
Here, again, the low oxygen saturation of the arterial blood maj 
also affect rajocardial metabolism directly 

(e) In insulin hypoglycemia cardiac output is increased That 
individuals with coronary sclerosis are liable to cardiac pain during 
hjpogljcemia is well known (page 584) 

(J) Epinephnn increases the work of the heart through augment- 
ing both cardiac work and mean arterial pressure Levine, Ernstene 
and Jacobson^ produced cardiac pam m 10 of 11 patients with 
coronary artery disease by the injection of epinephnn The pain 
was doubtless due to the increase m cardiac work and acceleration 
of the rate, for there is good evidence that epinephnn dilates the 
coronary arteries in man 

(g) \^en thyroid extract is administered to elderly patients with 
myxedema (and doubtless often coronary arteriosclerosis), anginal 
pam often develops and forces diminution m dosage (see page 595) 
Here the augmentation m the work of the heart due to the rise in 
metabolic rate and acceleratioft of the heart rate are presumably 
responsible for the pam 

6 The relief of cardiac pam by mtntes is m excellent harmony 
with the theory that the pain is due to ischemia of the myocardium 
Voegtlin and Alacht^’ and others have shown that nitrites increase 
coronary flow Smith*" found that, through dilatation of collater- 
als mtntes may improve the circulation in the mfarcted area of 
the myocardium resulting from ligature of a coronary branch 
Wayne and Laplace have found evidence that the action of nitrites 
in dilating the coronary vessels is more important than the lowering 
of blood pressure in the relief of anginal pam, they maj afford relief 
at a time when the blood pressure is little changed 

The lines of evidence just sketched establish that ischemia of 
the myocardium can produce cardiac pain, and indicate strongly 
that this mechanism mediates at least most forms of cardiac pam 
other than those of psychoneurotic origin How myocardial 
ischemia produces cardiac pain is not entirely known However, 
some light has been thrown on the matter by recent studies of 
Lewis, Pickering and Rothschild*^ on the development of pam dur- 
ing exercise of skeletal muscle when the circulation is obstructed 
It has long been thought (Bums,* Potam**) that cardiac pain is 
analogous to the pam — intermittent claudication— that develops 
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during walking in the muscles of the low cr extremities of individuals 
with arteriosclerotic, thromboangiitic, or other narrowing of tlie 
arteries In both cases tJie pain is precipitated by exercise and 
relieved bj rest, further, as pointed out by Lewis, both varieties 
of pam are continuous and not tlirobbing and hav c other charac- 
teristics III common Lewis, PicU,nng and Uotlischild found that 
if an extremity with the artents constricted is exercised until pain 
develops, release of tlic constriction is followed by relief of the 
pain within a few seconds even though the exercise is continued 
On the other hand, if the constriction is maintamcHl but the exercise 
stopped, the pam continues until blood is permitted to How agam 
Lewis and his associates interpreted these observations as indicating 
that tlie pain is due to sbmulation of the nerve endings by a sub- 
stance— of as jet unknown nature, which tlicy term factor P”— 
produced as a result of the contraction of the muscle cells With 
intact circulation tins substance is remoicd before it readies a 
concentration sufficient to produce pain Hut when coronary flow 
IS diminished the substance may accumulate m concentration abov e 
the threshokl for tlie production of pain Presumably, this will 
occur the more readily the greater tlie work of tlie heart, Lewis 
Pickering and llotLschild found m experiments on the constricted 
arm tint the rapidity with which pain develops vanes directly 
with the amount of work perfonned, whether tlie latter is alterc'd 
by changing the rate or the vigor of contraction Vpart from a 
few details the work of Lewis et al has been confinned by Katz, 
Lindner and Landt” Apparently oxjgen deficiency favors the 
accumulation of tlie pam producing substance, for Kissm found 
that pain comes on more quickly when tlie subject exercises while 
breathing an atmosphere poor in oxygen In accord with these 
findings, Riscman and Brown** found that 11 of 17 patients witli 
angina pectoris could do more work before developing pam while 
breathing high concentrations of oxygen 

It would thus appear tliat, as so ably maintained by Keefer and 
Resmk,** myocardial uckevaa produces anginal pain through the inter- 
mediacy of myocardial anoxemia angma pectoris is the cry of the 
heart for more oxygen 

Pathogenesis oi Myocardial Ischemia —The immediate cause of 
the myocardial ischemia which is evinced by cardiac pain is almost 
always decrease in blood How tlirough one or more coronary 
branches In the classical forms of angina pectoris as desenbed 
by Heberden this is due to artenosclerotic or thrombotic narrowing 
or occlusion along the coronary trunks In syphihtic aortitis it is 
the result of stricture of the coronary orifices Rare causes of 
coronary obstruction are embolism and blocking of a coronary 
mouth by aortic vegetations m bacterial endocaiditis In aortic 
regurgitation it appears that the alterations ui the dynamics of tlie 
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circulation resulting m low diastolic pressure dimmish coronary 
flow and thus predispose to myocardial ischemia (page 475) The 
same is true m the far rarer arteriovenous aneurysm (page 579) 
It IS also probable that the small cardiac output m aortic stenosis 
decreases coronary flow and thus results m the not uncommon 
anginal attacks, however, the patients are mostly elderly and the 
situation complicated by coronary arteriosclerosis and sometimes by 
calcareous lesions of the root of the aorta narrowing the coronary 
orifices 

The pathogenesis of myocardial ischemia should not however, 
be considered solely from the point of view of the absolute volume 
of coronary flow, variation m the volume of blood flow required 
bj the myocardium is also significant It seems obvious that the 
greatlj hypertrophied left ventricle of hypertension or aortic valvu- 
lar defect requires a much augmented volume of blood flow not 
only because of the greater muscle mass but also because of the 
increased amount of v\ork it is performing Under such conditions 
a smaller degree of coronary narrowing suffices to produce deficient 
blood flow than if the mjocardium were of normal thickness and 
performing a normal amount of work Actually m patients with 
hypertension and an enormous left ventricle there may be anginal 
attacks over a long period and yet at necropsy only moderate 
coronary arteriosclerosis is found It has been my experience that 
anginal pain m individuals with little cardiac enlargement is more 
apt to be followed by coronary thrombosis than m those with very 
large hearts (usually due to hypertension) This is probably cor- 
related with the greater coronary narrowing required to produce 
pain when the heart is not much enlarged 

The question arises Since, of course the coronary narrowing is 
always present why is the myocardial ischemia and consequent 
pam paroxysmal’ In the large majority of cases in which the 
pam is precipitated by exertion or excitement and relieved by rest, 
the answer seems evident The exertion or excitement increases 
the work and consequently the volume of blood flow required by 
the heart Tbat the •worh ol the heart vs aetvialW uvereased «i 
angina pectons has been demonstrated by Starr“ and his collabora- 
tors, who found in 4 cases that the work of the left ventricle was 
greater during the pam than when comfortable At the same time 
the rate is accelerated which has the twofold effect of shortening 
the recovery penod of the heart and also abbreviating the ‘total 
diastole’ per minute which appears to be the part of the cardiac 
cycle m which most of the fifling of the coronary vessels occurs 
Moreover, there is every reason to believe that in health the greater 
coronary blood flow necessitated by exercise is largely mediated 
through coronary dilatation, with sderosis and calcification of the 
coronary arteries, this adjustment may be greatly hampered As 
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explained above (page 416), a similar mechanism doubtless accounts 
for the precipitation of conliac jkuii by a hearty meal ^Vby some 
anginal attacks occur at rest, L\cn ilunng sleep (angina of decubi- 
tus), 13 not know n '1 his is especially apt to occur in aortic regurgi- 
tation Some patients with artcnosclerotic heart disease have 
paroxysms of cither or both cardiac asthma and pain at mght 
Presumably factors akin to those producing the djspnea are con- 
cerned in tlie genesis of the pain, liowevtr, the entire subject is 
obscure (page 151) It lias often been suggested (r/ Gilbert*®) 
that coronary constriction or failure of coronary dilatation called 
for bj tlie needs of tlie heart muscle, of nervous or humoral origin, 
inaj be concerned in Uie genesis of man\ anginal paroxysms Since 
the caliber of the coronaries is known to be regulated bv neural and 
humoral mech jmsms such a conception seems plausible But as } et 
it has little factual support 

Nervous Pathways of Cardiac Pam •— Ihe pain is apparently 
transmitted from the sensorj endings m the heart b> nerve fibers 
which run in the adventitia of the coronary arteries, for Sutton 
and Lucth and Katz and Ins associates found that interruption of 
this pathway bv painting with alcohol or other means abolished 
the pain produced by tightening a loop around the vessel Accord- 
ing to the description given by White, the sensorv impulses then 
travel along sympathetic fibers to enter the superior middle and 
inferior cervical ganglia, as well as duectly across the posterior 
mediastinum into the upper thoracic sympathetic ganglia Trom 
the svinpathctic chain the impulses enter the spinal cord na the 
white rann communicantcs and posterior roots of the upper five 
thoracic segments White states that the direct sensory communi- 
cations between the cervical sympathetic ganglia and the spinal 
cord which hive been dcscnbeil are of no clinical importance 
Apparently the vagus docs not contain afferent fibers leadmg to 
pain, the impulses from the heart, as from other viscera, which 
produce pain travel only in tlie sympathetic nerves Knowledgeof 
these pathwavs of cardiac pain is of great significance for the relief 
of canine pain by injection (page 774) 

Belations of Cardiac Pam to Heart Failure —Everyday clinical 
observation shows that there is no direct, if any, cornffat/on hetneen 
cardiac pain and heart failure Some of the most severe forms of 
heart failure for example m mitral disease, run their entire course 
witliout any pain It is not always that tlie patient is insensitive to 
pam, for the latter may be severe as a result of engorgement of the 
liver On the other hand, severe cardiac pam commonly results 
from coronary arteriosclerosis m the absence of cardiac failure as 

• The recent monograph of Miller" contatna s detailed description with a highly 
metruclue aenea of diagrams of the nervous pathways concerned in the transmission 
and reference of cardiac pain 



THE \ATVRB OP CARDIAC PAIN 


421 


manifested by engorgement of the pulmonary circmt or sjstemic 
\ems, Heberden emphasized that dyspnea is not a feature of angina 
pectoris It IS true that heart failure may result from coronary 
thrombosis, but pain and cardiac insufficiency are obviously merely 
the results of a common cause 

To a certain extent, indeed, there is an antagonism between 
cardiac pain and insufficiency of the nght side of the heart It is a 
common expenence in arteriosclerotic heart disease that anginal 
pain becomes less marked or disappears with the ad\ ent of right 
heart failure and sjstemic \enous engorgement This may occur 
with dramatic suddenness when the cardiac msufficiencj is precipi- 
tated by the onset of auricular fibrillation Mackenzie and others 
hav e attributed this phenomenon to d^ spnea, forcing the patient to 
cease exertion before it reaches the level at which pain is evoked 
However, I have repeatedly observed the disappearance of anginal 
pam, which previously occurred even at rest, when the right side of 
the heart failed with swelling of the svsteroic veins and liver and 
the appearance of edema In such cases the following mechanism 
may be concerned Ischemia due to coronary arteriosclerosis 
affects predominantly the left ventricle, the thinner-walled nght 
ventricle is much less affected, and infarcts confined to the right 
V entncle are great rarities With the onset of right heart failure, 
the output of the right ventncle is decreased and \nth it the work 
of the left \ entncle so that the latter chamber can get along with 
a smaller volume of blood flow 

Another factor that may militate against the development of 
cardiac pam m nght heart failure is suggested by the finding of 
Gross and Blum'* in the dog that the collateral circulation opened 
up after Iigatmg a coronary artery is markedly augmented by pre- 
vious ligation of the coronary sinus Similarly, Ungerleider, Kerk- 
hof and Fahr** observed that raising the pressure in the coronary 
veins tends to prevent infarction after coronary artery ligation 
On the other hand, Gregg and Dewald'* found that acute obstruc- 
tion of coronary v eins does not prevent failure of contraction m a 
TCiyocaTilia\ area whose artery has been hgated The problem oi 
whether or not raising coronary venous pressure facditates the 
development of collateral arculation in an ischemic area deserves 
further investigation 

It IS a Common experience that cardiac pain ceases after a major 
coronary thrombosis even though the patient recovers well enough 
to be up and about and the blood pressure returns close to its 
previous level In such cases it is to be presumed that the pain 
was due to ischemia of the portion of the heart muscle supplied 
by the vessel that was subsequently occluded The necrosis of 
the myocardial mass in question, mcludmg the nerv es, remov es the 
source of the pam 
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In brief, cardiac pam is not a symptom of heart failure, although 
both pam and failure may result from a comnioii cause 

Other Forms of Cardiac Pam —It lias been seen that tlicre is 
excellent e\ idence that the common forms of cardiac pam (angiiu 
pectoris) are evoked by ischemia of tlic mjocardiura Ihe question 
next arises whetlier tliere are also other forms of cardiac pain 

There is no reason to believe that lesions of tlie endocardium pro- 
duce pam Uncomplicated endocarditis, even ivhcn ulcerative js 
painless 

The myocardium appears to be insensitive to stimuli other than 
tliose resulting from decrease in blood flow and perhaps also anox- 
emia Sutton aud Lueth were unable to evoke pain responses m 
the dog b> piercing various portions of the myocardium with a 
needle, tearing tlirough the myocardium by means of sutures, or 
injecting 10 per tent ammonium hydroxide or SO per cent alcohol 
mto the myocardium Nor did pinching of the myocardium of a 
monkey with forceps produce a pam response These findings are 
m hannony with the common clinical experience that affections of 
the myocardium other than those due to dimimshed blood flow do 
not result m pam 

The pericardium presents a more complicated problem Most 
often, pericarditis, whcUicr dry or with effusion, docs not result m 
pam However, there are exceptional cases m which inflammation 
of the pericardium is accompanied by pam The pam may be dull or 
lancinating, or merely a feeling of tightness, it may be localized 
m the precordial region, referred to tlic left side of the neck, tlie 
upper abdomen or the back, or radiate to tlic left shoulder like that 
of coronary artery disease Cajips* studied the sensitivity to pam 
of the pericardium m mdmduajs with pencardial effusion by punc- 
turing the parietal pericardium with a trocar and then scratchmg 
the serous surfaces by means of a wire parsed through tlie trocar 
He found that both the visceral and parietal surfaces of the peri- 
cardium arc insensitive to scratching— good evidence that when 
pam docs occur m pericarditis it is not due to the rubbing of the 
roughened surfaces on one another Similarly, Sutton and Luetli 
found that stretching and tearing the visceral pericardium m dogs 
produced no pain response The onfy way m whic/i Capps was a.ble 
to elicit pain from the Iiuinan pericardium was by puncture of the 
parietal pericardium at tlie level of the fifth and sixth left inter- 
spaces lateral to the mammary line, which caused pam m the left 
side of the neck along the trapezius ndge Puncture of the parietal 
pericardium at higher levels caused no pam From these and 
other observations Capps beheves that the phrenic nerve supplies 
at least the lower portion of the fibrous pericardium witii nerves 
that carry painful stimuli Capps concludes that when pericardial 
disease is associated with pam, the latter results m one of three 
ways (1) A large effusion m:^ cause a dull aclie or feeling of 
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oppression through stretching of the panetal pericardium (proto- 
pathic pain), although m my mq)enence most large effusions have 
been painless (2) Through accompanying pleuropericarditis and 
mediastmitis This is probably the usual cause of pain in rheu- 
matic pericarditis (3) ^Vhen the pericarditis results from myo- 
cardial infarction due to coronary thrombosis, the myocardial lesion 
produces pain That the pericarditis o\er a mjocardial infarct, 
per se, is responsible for pain remains to be demonstrated 
The aorta has played a great role m connection with theones of 
angma pectoris Supported by the great authority of AlJbutt* and 
Wenckebach, the theory long enjoyed considerable \ogue that 
the common forms of cardiac pain are due to distention* by the 
arterial pressure of a diseased aorta with consequent stimulation 
of nerie endmgs located especially m the adventitia The fact that 
anginal pain is precipitated by exertion was explained by the rise 
in aortic pressure and consequent distention of the root of the 
aorta The theory really had little support other than the fact that 
lesions of the aorta— either arteriosclerotic or due to svphilitic or 
other forms of aortitis— are present m most patients with cardiac 
pain The aortic theory has been largely abandoned since the 
clinical picture of coronary thrombosis has become generallj known 
and witli It the other evidence, summarized above showing that 
m>ocardial ischemia produces pain Moreover, recent experiments 
by Sutton and Lueth have shown that m the dog mechanical dis- 
tention of the aortic arch, ascending aorta and aortic ring does not 
produce pain, although it may result m paroxj smal d> spnea These 
experiments would seem to controvert the view that exertional 
angina is due to the distention of the aorta by the blood pressure 
However, it seems probable, though more evidence is needed on 
this point, that in syphilitic aortitis inflammation of the connective 
tissue around the aorta (periaortitis) and pressure by the dilated 
aorta on surroundmg structures may produce the continuous pam 
or feeling of oppression under the upper sternum from which these 
patients sometimes suffer Whether a similar pam can result from 
arteriosclerotic dilatation of the aorta remains to be ascertained 
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CHAPTER XXIV 


FAILURE OF THE LEFT SIDE OF THE HEART I THE 
GENERAL PICTURE 

The most common forma of circulatory failure encountered m 
the office of the general practitioner are those m which the onset 
IS inth failure of the left side of the heart Either the left ventricle 
or the left auricle may be the chamber meeting the initial strain, 
m both cases the disturbance m circulatory dynamics is funda- 
mentally the same Initial left auricular failure results from mitral 
stenosis Failure of the left ventricle results from diseases in 
which the work of this chamber is increased, its circulation impaired, 
or its muscle diseased Apart from the terminal peripheral circula- 
tory collapse which closes most of our Jives left ventricular insuffi- 
ciency IS the most common form of circulatory failure for it includes 
essential and nephritic hypertension, arteriosclerotic and syphilitic 
disease of the coronary arteries to the left ventricle, defects of the 
aortic valve, and mitral disease with predominant regurgitation 
In each of these conditions, the initial stage of circulatory failure 
IS most often that of isolated insufficiency of the left side of the heart, 
which may last m uncomplicated cases for years, even to the fatal 
termination, or be joined after a longer or shorter interval by the 
consequences of failure of the right heart We shall discuss indi- 
V idually each of the conditions in which circulatory failure is initiated 
by insufficiency of the left side of the heart But before so doing. 
It may be useful to outline the cimica! features common to all 
varieties of left-sided heart failure 

THE SYNDROME OP FAttURB OF THE LEFT SIDE OP THE 
HEART 

The clinical picture of uncomphcafed failure of the left side of the 
heart consists in symptoms and signs resultuig from engorgement of 
the pulmonary circuit and diminished output of the left ventricle 
These positive characteristics contrast with the absence of systemic 
venous congestion, which evinces the functional integrity of the 
right side of the heart The symptomatology is completed by the 
local signs of dilatation of the left ventricle 
Of the two consequences of left-sided failure, pulmonary engorge- 
ment predominates m chrome cases, while the consequences of 
diminished output of the left ventricle stand m the foreground when 

( 425 ) 



42b 


FAILURE OF THE LB ft SIDE OF TEE HEART 


this chamber gives way suddenly The result is two mam variants 
of the sjndrome of lcft»side<f failure 

1 Chronic I^ft-sided taxlure — AVlicn failure of the left heart is 
of gradual onset or considerable duration, the 8>mptoraatology is 
predominantly that of pulmonary engorgement, namely, dyspnea, 
ortliopnea, ejanosis, cough, hemoptysis, etc In sharp contrast, 
the consequences of decreased output of the left \ entricle— fall in 
arterial pressure, pallor, syncope ami otlier sj mptoms of cerebral 
ischemia— are absent or appear onl} parox>sinall^ In other words, 
the picture is what Harrison* tenne«I backward failure into the lungs 
and not his fonvard failure 29) 

2 Acule Leftsided Failure —With sudden failure of the left 
heart, tlie clinical manifestations are most often preponderantly 
those of decreased output of tlie left ventricle The arterial pressure 
falls, the skin is pallid and sweating, and there may be svneope, 
vertigo or other consequences of decreased cerebral blood 6ow 
Here, fonvard failure predominates over backward failure, we are 
faced by the dramatic picture of cardiac shock (page B53) The 
(.orainonest cause of this acute fonii of left sided failure is coronary 
thrombosis 

The rationale of this dissociation of the two aspects of failure of 
the left heart— forward failure predominating in the acute cases, 
backward in the chronic— is probably the following Uhen the 
failure evolves gradually, tlicrc is time for the development of 
compensatory mechanisms involving increase m tlie circulating 
blood volume 71) Tins increase in blood volume unfortu- 
nately tends to accentuate the pulmonary engorgement, but the 
latter in turn so augments the filling of the left v entncle that, in 
accord widi Starlings law tlie functionally impaired chamber 
maintains the cardiac output at but little under its previous level 
On the other hand, when the left ventricle fails suddenly, as in 
coronary tlirombosis, the compensatory increase m blood volume is 
not developed at firat with tlic twofold result tint the cardiac out- 
put falls and most often the pulmonary engorgement is not as 
pronounced as in the chronic cases 

Pulmonary Engorgement m Left-sided Failure —The picture of 
pulmonir^' engorgenteat has been described in detail in Chap- 
ter XIII Briefly it consists m 

Exertional dyspnea, the symptom par excellence of left heart 
failure, most often the first manifestation, and the one which per- 
sists most obstinately In a general way, it may be said that in 
left sided heart failure, dyspnea dominates the symptomatology 
more than in other forms of arculatory failure 

Paroxysmal dyspnea, or cardiac asthma, while not mvariably 
present, is a very characteristic manifestation of left ventricular 
failure, being far more common than when the lungs are engorged 
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as a result of the left auricular failure of mitral stenosis Nocturnal 
paroxjsms of dyspnea are not rarely the first symptom of left 
\entncular failure in a patient who is not aware of exertional 
dj spnea during the day 

Orthopnea occurs with relatuelv low grades of djspnea m left- 
sided heart failure Orthopnea is much more prominent m the 
dj spnea of pulmonary engorgement than m that of pnmaiy right 
heart failure, of peripheral circulatory failure, or of acidosis, m 
all of which it IS most characteristically absent despite marked 
tachj-pnea and ob\ lous air hunger 

Cough maj also result from the pulmonary engorgement of left 
heart failure In cough of obscure origin in the elderly, the possi- 
bilitj of underhing coronary sclerosis with left ^ent^cuIar failure 
IS alw ay s to be borne in mind The cough is often dry , but m other 
cases it IS productive of expectoration, the characteristics of which 
have already been describe (page 214) Blood streaked sputum 
13 common Copious hemoplysts is rare but does occur, especially 
in mitral stenosis Wheezing, like m bronchial asthma, may be a 
complaint 

Hoaraenees is a rare svmptom produced by compression of the 
left recurrent laryngeal nerve bv the engorged left pulmonary 
artery (page 507) 

Cyanoaia is often present and may be severe, but is not rarely 
absent despite sev ere left-sided failure In a general w ay and with 
many exceptions it mav be said that dyspnea predominates over 
cyanosis m left-sided failure and cvanosis over dyspnea m insuffi- 
ciency of the right side of the heart Cyanosis is apt to be especially 
pronounced in long-standing left heart failure with brown indura- 
tion of the lungs \Nhen pulmonary edema develops, cyanosis often 
becomes intense 

Physical examination of the lungs may be negative despite severe 
left heart failure Often however, “functional emphysema” results 
from the engorgement of the pulmooarv vessels, which interferes 
with the expiratory collapse of the lungs and thus tends to maintain 
the lungs in an av erage position closer to that of inspiration than 
in health TOth improvement in the accomplishment of the left 
side of the heart, the distention of the lungs recedes while it becomes 
more pronounced durmg acute exacerbations of left sided failure 
\t least 63 per cent of Weiss and Robb’s* patients with severe 
cardiac asthma due to left ventncular failure presented the in- 
creased anterio-postenor diameter of the chest and other phy sical 
signs characteristic of pulmonary emphvsema The frequency with 
w hich left sided failure m elderly and arteriosclerotic subjects results 
m emphysematous distention of the thorax deserves emphasis, it 
has seemed to me that often when the diagnosis of coincident but 
independent pulmonary emphysema and hypertension with arterio- 
27 
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sclerotic heart disease is made the fonner is merely a consequence 
of the latter Moist rales at the bases of the lungs are a frequent 
finding m left sided failure, but maj be absent even when the 
latter is se\ ere 

As might be expected from the engorgement of the pulmonary 
\essel 3 the rita/ capaciii / 13 decreasal Likewise Weiss and Robb 
found the total volume of tlie pulmonary air space detreased and 
the residual air increased 

The engorjjCincnt of the pultnDnat> circuit is also revealed by 
the roentgen findings (page il8) 

In the large majority of instances of left sided failure tests 
witli saccharin or other substances (jiagc S')) reveal that blood 
flow through the lungs is markedly slowed saccliann times of over 
fortv seconds are common Only in rare instances docs the arm to- 
tonguc circulation time approach the normal evidcntlv because the 
right ventricle increases its work sufficiently to c-ompensate for 
the weakness of the left side of the heart (page 210) It may be 
repeated that measurement of the arm to-tongue circulation time 
18 one of tlie most useful tests for left sided failure Especially 
cliarattcnstic of the early stages of left heart failure is prolonged 
arm to>toiiguc (saccliann) tunc with normal arm to*lung (ether) 
tune (page 21U) 

Ldema and tn/aretton of the lungs and bronchopne7m07iia arc 
such common complications of left heart failure that they are to 
be regarded as jiart of the clinical picture 

Manifestations of Dunmisbed Cardiac Output in Left sided Heart 
Pailuie— When the left ventricle fails suddcnl' as in coronary 
thrombosis the outstanding symptoms arc most often those of 
decreased cardiac output The patient is pale or exhibits a pallid 
cyanosis the skin is covercil with cold sweat dyspnea or orthopnea 
arc most often not pronounced the extremities are cold the penph 
eral \ cins arc collapsed and the arterial pressure has fallen W eak 
ness IS often tlie mam complaint Vomiting is common Vertigo or 
s\ ncope due to inadequate ccrbral blood flow are the rule Oliguria 
IS pronounced The symptomatology is thus practically identical 
with that of traumatic shock or other forms of shock due to penph 
cral circulatorv failure Only in this case the decrease m cardiac 
output which causes the sv'tnptoms is ol pnmariXy cardiac and not 
of penpheral origin for whicli reason the clinical picture is appro- 
pnatelv termed cardiac shock To avoid repetition details of the 
clinical manifestations of cardiac shock will be postponed to the 
section on coronary thrombosis (page 454) 

Cardiac Mamfestations of Left sided Failure —These v ary with 
the nature of the underlying condition and are desenbed m the 
following sections It may be mentioned here however that 
accentuation of the second pulmomc sound is a common manifes- 
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tation of all varieties of left-sided heart failure, and not at all 
characteristic of mitral disease It should also be borne in m ind 
that through the intermediacy of hypertension of the lesser circula- 
tion, left \ entncular failure produces enlargement of the pulmonary 
conus of the rght ventricle with consequent “mitrahzation” of 
the heart I ha\e repeatedly known patients AMth left ventricular 
failure to be considered as suffering from mitral stenosis because 
of the presence of gallop rhythm (mistaken for a presystohc mur- 
mur), accentuation of the pulmonic second sound, and “mitraliza- 
tion” in the roentgenogram Parenthetically it may be mentioned 
that while left ventricular failure may produce prominence of the 
pulmonary conus on dorso ventral illumination, it does not result 
in the marked bulging of the left auricle into the retrocardiac space 
which IS present in many cases of mitral stenosis To be sure, 
there is some dilatation of the left auricle in left ventricular failure, 
but it does not compare m magnitude with that often present in 
mitral stenosis 

The Systemic Vems m Left-sided Heart Failure —Engorgement 
of the systemic vems and consequent swelling of the liver and 
peripheral edema are absent in isolated left sided failure Measure- 
ment of the pressure within an antecubital vein reveals it to be 
below or close to the upper limit of normal This is true m even 
very severe left heart failure Thus in a patient with acute pulmo- 
nary edema due to left ventricular failure, Hitzig, King and the 
writer* found the venous pressure to be but 6 cm in the presence 
of arm-to-tongue circulation time of twenty eight seconds (saccharin 
method), we have made many similar observations It is only 
when the right ventricle also gives way that any considerable ele- 
vation of venous pressure develops However, occasionally one 
encounters relatively slight elevation ol venous pressure, to about 
10 cm , in patients with an otherwise typical clinical picture of left 
ventricular failure It seems probable though not proved, that 
one or more of three mechanisms may be concerned in producing 
this slight venous hypertension 

1 The right ventricle performs increased work because of the 
elevation m pressure m the pulmonary circuit due to left heart 
failure The right ventricle can overcome this increased resistance 
only by means of greater diastolic filling and higher diastolic intra- 
V entncular pressure, the latter of which is reflected m the venous 
pressure It is therefore probable that slight elevation of venous 
pressure m the presence of left heart failure does not in itself connote 
considerable functional impairment of the right ventncle, but is 
simply a manifestation of the mechanism by which the right ven- 
tricle accommodates itself to the increased work necessitated by 
the pulmonary hypertension 

2 ^Mien the left ventricle is greatly hypertrophied and dilated it 
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13 possible that the intenentncular septum maj bulge into the 
right \ entncle sufficicntJj to impede the filling of the chamber and 
thereby elevate the venous pressure (page 447) 

3 Ihe pulmonary engorgement due to left-side<l failure dimin- 
ishes the elasticity of the lung This in turn elevates intrapleural 
pressure It has been seen that increased intrapleural pressure 
entails augmentation of peripheral venous pressure (page 104) To 
a certain extent, then, a similar mechanism operates to produce 
slight elevation of venous pressure m left-sided failure as in emphy- 
sema and ui pulmonary engorgement 
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FAILURE OF THE LEFT SIDE OF THE HEART II HYPER- 
TENSIVE AND ARTERIOSCLEROTIC HEART DISEASE 

Among adults, b> far the commonest form of cardiac insufficiency 
IS left \entncular failure due to hypertension and/or coronary 
arteriosclerosis These tvio conditions are so often associated that 
they will be considered m the same chapter In the vast majority 
of hy'pertensiv e patients, heart failure does not appear until after 
the development of a high degree of coronary arteriosclerosis, m 
the causation of which the hypertension plays a part It thus 
appears that most instances of heart failure m hypertension are the 
result of both the increased work of the heart due to the high blood 
pressure and the decreased functional capacity of the my ocardmm 
which is an inevitable consequence of diminished blood supply 
Contrariwise arteriosclerosis alone often produces heartfailurewith- 
out hypertension having been present at any time In a necropsy 
study of 928 cases of arteriosclerotic heart disease, Clawson” found 
that hyTiertension had been present in 09 per cent 

ESSENTIAL HTPEBTENSION 

Individuals with high blood pressure may be afflicted with 
cardiac symptoms of two vaneties, namely, those of heart failure 
and angina pectoris Either may usher in the clinical course of 
essential hypertension, and a caixliac death is the most common 
termination of the disease, 254 of Bell and Clawson’s® 420 fatal 
cases of essential hy^pertension succumbed to cardiac manifesta- 
tions The enormous importance of high blood pressure in the 
causation of cardiac disease is indicated by White and Jones” find- 
ing that in Nevv England hy'pertension is concerned m about 30 per 
cent of all cases of heart disease Many patients with essential 
hypertension are “eardiacs’* from beginning to end They may 
suffer from angina pectons or heart failure for years, or the first 
manifestation of tlie disease may be fatal coronary thrombosis, the 
underlying hypertension being first revealed at necropsy by left 
ventricular hypertrophv and renal artenolooclerosis 

On the other hand, cardiac symptoms may be absent or m the 
background Numerous persons with very high blood pressure are 
able to perform hard physical work for years without undue short- 
ness of breath Heart failure is unusual in those fonns or stages of 
essential hypertension— especially common in women— m which the 
blood pressure exhibits wide fluctuations within a few hours and 

(431) 
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where the picture is dominated by sucli symptoms as \ertigo, ps}- 
chomotor unrest, hot flushes, and transient Iieadache, palpitation 
IS common in these individuals, but does not indicate imminence 
of heart failure or angina If tlie patient’s activities are curtailed 
as a result of a cerebral vascular accident or the consequences of 
renal insufficiency, subjective symptoms of circulatory failure art 
often absent or niiniinal even tliough there arc such objective signs 
of left ventricular msufficieiicy os dilatation gallop rli>tlim, and 
prolongation of tlic pulmonary circulation time 

In tilt historj of most patients with essential li^pertension 
who develop heart failure, one can discern three stages 

1 1 he stage of cardiac eompenvation 

2 'Ihe stage of isol ited left ventricular failure 

3 Ihe stage of tombmed left- and right sided failure 

Of course tins tjpical natural history ’ of the circulation ui 
essential hvpertension nia^ lie intcrruptc'd in any stage bv corotiar) 
thrombosis cercbr d bemorriiage, renal itisuffieieiK} , or other inter- 
eurrent eompliiations 

The Stage of Cardiac CompensatioD —In the resting individual, 
the work of the left ventricle is cjcpressed with an error of the 
order of onlv I per cent by the product of the average arterial 
pressure and the cardiac output (Starhng^^') Since the cardiac 
output IS little changed m compensated h>pertcnsion, it is evident 
that Uie work of the left ventnclc is increased in direct proportion 
to the rise in the average arterial pressure 
The increase in the work of the left ventricle results in h\per- 
tropliv of tlie ehamber The considerations discussed in Chapter 
Will indicate that initially the left ventricle performs the increased 
work bj a mechamsm involving dilatation but this is replaced by 
hypertrophy while still of so slight a grade as not to be demon 
strable In cases of essential hypertension without heart failure, 
notably those whicii succumb to cerebral hemorrhage or an iiitcr- 
current compheation one often finds thickening of tlie wall of the 
left V entricle w ithout enlargement of its cav itj Indeed tlie latter 
may appear unusually small, the so-called concentric hjpertrophy 
but w e liav e seen (page 31 1) that this is probably an artefact due to 
postmortem contraction and the cavity was not actually dimin- 
ished m size during life In many instances of arterial hypertension 
tlie development of such faultless eorapensation bj hvpertrophy 
with almost no dilatation is doubtless facilitated by tlie gratlual 
evolution of the elevation in blood pressure and the fact that the 
latter is usually intermittent m its first stages In other cases of 
hypertension succumbing to c-rebnil hemorrhage or other non 
cardiac causes, and in which there was no history of cardiac sjnip 
toms the hypertrophy of the left ventricle mav be found to be 
accompanied by well marked dilatation of the cliainber However, 



ESSENTIAL HYPERTENSION 


433 


examination of the lungs m such cases usually reveals evidence of 
chronic passive congestion, so that despite absence of subjective 
symptoms a considerable degree of left-sided failure was present 

The hypertrophy of the left ventricle may so increase the strength 
of its systole that it empties as completely as in health despite the 
increased resistance in the aorta Complete emptj mg may also be 
aided bj the relatively longer duration of systole m hj*pertension 
than m health (Schlomka and Theiss®*') If this is the case, the 
functional capacity of the circulation may be practically as great 
as m health, and the individual capable of hard work without 
untow ard dj spnea Careful examination may rev eal no abnormali- 
ties other than the high pressure in the systemic arteries and the 
hypertrophy of the left ventricle In more detail, the findings m 
such a well-compensated case of essential hypertension are as 
follows 

Physical Fmdings —The apex beat is within the mid-clavicular 
line, most often at its usual height, exceptionally displaced down- 
ward an interspace Often, especially when the patient leans to the 
left, the heaving, forceful character of the apex beat is evident 
Such a heaving apex beat, when present, is patliognomonic of left 
ventricular hypertrophy, but is not to be confused with the diffuse 
and feeble, even though prominent, impulse of a dilated or over- 
acting heart It should be remembered that the apex beat may not 
be palpable, despite marked cardiac hypertrophy, especially if there 
IS emphy sema (H \ Derow) The closure of the aortic valve may 
result m a palpable impulse in the second right interspace, notably 
when diastohc hypertension is accompanied by elongation and 
sclerosis of the aorta In such cases, powerful expansile pulsation 
IS often to be felt m the manubnal notch The elongation of the 
aorta m hypertensive patients may also result in prominent pulsa- 
tion and tortuosity of the carotid artery in the right side of the neck 

Percussion rev eals that the heart is not notably enlarged to either 
the left or the right The increased mass and firmness of the heart 
may be evident to the percussing finger Exceptionally, it is pos- 
sible to demonstrate by percussion downward elongation of the 
left ventricle Increase in retromanubnal dulness may result from 
dilatation and elongation of the aorta with consequent wider 
approximation of the vessel to the anterior chest wall 

On auscultation, the rhythm is regular The rate is most often 
normal, occasionally somewhat slow However, in those cases of 
essential hypertension with a clinical picture simulating Graves’ 
disease, the heart is accelerated without any connotation of heart 
failure The first sound at the apex may be booming and seem 
prolonged, but there is no gallop rhythm The second apical sound 
IS generally loud Accentuation of the second sound at the aortic 
area has long been regarded as the characteristic auscultatory find- 
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ing m high blood pressure but Janeway** failed to detect it m 105 
of 3S9 patients with arterial hypertension and the accentuation 
was but slight in 78 of the others Absence of accentuation of the 
aortic second sound may be due to emphysema or obcsiU or the 
cause may not be ob\ lous Often tJie aortic second sound is re 
duphcateil and may he ringing in quality {bruit dc laboirla) Ihe 
ringing quality is not due to the hv^jcrtuision but to associated 
sclerosis and t deification of the aorta and aortic cusps It should be 
rcmcmbtrcHl that the aortic second sound may be greatly accentu 
ated and ringing in the absence of hypertension as a result of arteno 
sclerosis with consc-quent elongation of the aorta winch is thus 
more closely approximated to the chest wall Svstolic miimiurs are 
often audible at the upuc and base in well compensated patients 
uitlioiit cardiac dilatation or old endooaniittc defects thc\ maybe 
due to atherosclerotic changes m the \al\es and aorta or in the 
case of the ipical murmurs of cardiorcbpiratory origin Diastolic 
murmurs arc far less common and arc probably most often due to 
atherosclerotic cliangcs 

Roentgen Findings --I luoroscopically no abnonn’ility of the size 
or shape of the cardiac silhouette may be exiilent e^e^ though the 
blood pressure has been debated for years More often rounding 
of the lower segment of the left bonier and downward elongation 
of the left xentricle into the shadow of the diaphragm without 
definite increase m the transverse diameter of the heart testify to 
the existence of hypertrophy without notable dilitation of the left 
ventricle (page 353) flow ever there ore also patients with cssen 
tial hypertension m whom dilatation of the left ventricle is indicated 
by moderate enlargement to tfie left and yet there are no subjective 
symptoms of heart failure presumably such individuals are close 
to the border of clinical decompensation and v ct I liav e seen cases 
in which this did not appear for years The increased density of 
the left Ventricle may be discernible Most but not all pitients 
vv ith high blood pressure of considerable standing exliibit elongation 
and dilatation of the aorta 

mectrocardiographic Findings —in view of the hypertrophy of the 
\e5t NsnitTide one •ftouVd antvopate ivAntion of the aMS of 

the heart to tlie left But the electrocardiogram does not always 
show this In 50 liypcrtcnsive patients OHare and Walker^* 
found left axis deviation m 30 a normal electrical axis in 10 and 
questionable right axis deviation in 1 Master** observed left avis 
deviation in 74 per cent of 152 indmduak with high blood pressure 
It has seemed to me that in faultlessly compensated c iscs of essential 
hypertension with no evident dilatation the mcitlence of left axis 
deviation is even less The left axis deviation is often accompanied 
by abnormally high voltage of the Q~R S complex But if the 
myocardium is damaged as a result of coronary artery disease the 
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Flo 17 — Electrocardiogram of a patient with great hypertrophy and dilatation of the 
left ventricle The voltage of the Q-li—S comples is high rotation of the electrical axis to 
the left la revealed by the upward direction of the major deflection of thu complex in the 
first lead and the downward direction in the thud lead The inversion of the T wave m 
the first arrd second leads is common in great left ventricular enlargement and may indi- 
cate deficient blood supply to this chamber. 
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voltage of tlie Q R~S complex may be low despite very high blood 
presiure ihe combination of marked left axis tleviation and high 
voltage of the It 6 complex is esptcmJIy common m severe 
hypertension m rehtiveli j oung indiv iduals 

As shown bj Master" ami Barnes and ^\hltten * the left axis 
deviation 13 often but by no means always accompanied by inver 
sioii of the r w av c m the first lead flic most characteristic picture 
when present is the following high voltage of tlic Q RS complex 
in the first lead followed by in inverted 1 wive the macrotic limb 
of which 13 c-oiivt-x upward md usually takes off from the R S 
deflection below the I'lOekctnc level flit T wave may also be 
inverted in the second and precoitlial leads Complementary to 
the depression of the S T interval in the first lead may be an 
elevation of this interval m the third lead fn many of the cases 
with this clectroeirdiographie picture postmortem observation 
shows that pronounced coronary narrowing is absent 1 urthermore, 
precisely tlie same elcctroeardiognplue findings are encountered m 
lortic V Uvular disease iii young subjects Fliese observations indi 
cate that the clectrucardiograpliie picture described is indicative of 
markexi hjpertrophy of the left ventricle fliis view is supported 
by the fict that the same electrocardiogram m the third lead may 
bo encountered m the right ventricular hypertrophy of pulmonic 
stenosis or pulmonary v ascular disease In tlic patients w ith hyper 
tension or aortic disease m whom I Imv e encountered the combma* 
tioii of high voltage and inverted T wave in tlie first lead the 
hypertrophy was accompanied by considerable dilatation of die 
left V cntricle and most often some subjectiv t or objectiv e ev idences 
of left ventricle failure were present Perliaps the most probable 
explanation of the electrocardiographic picture in question diough 
one w Inch is not pros ed is that it is due to relativ e isclieroia of the 
left ventricle resulting more from tlie enormous increase m the 
muscle mass than from decrease m tlie blood supply Barnes’ looks 
on the inversion of the T wave as a manifestation of fatigue of tlie 
strained left ventricle (see Barnes s monograph for a splendid 
discussion) In accord witli these conceptions is die occasional 
observation Uiat when very high blood pressure is reduced for a 
time by splanchnic section the inverted T wave may again become 
upright 

Electrocardiograms indicating bundle-branch block or other 
varieties of myocardial damage may be present in essential hyper 
tension even though there are no subjective evidences of heart 
failure and the left ventricle is not dilat^ They show that lesions 
of die myocardium have resulted from coronary arteriosclerosis or 
other cause but do not in themselves demonstrate the existence of 
heart failure at the time 
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Circulatory Measurements —The cardiac output m essential hyper- 
tension, has been m\estigated on a number of occasions The 
matter is of broad interest m connection with the mechanism of 
the hypertension Were the mechanism of the hypertension a con- 
sequence of primary excitation oi the heart— akin to the state of 
affairs m Graves’ disease— one might anticipate increase in cardiac 
output, at least to such extent as the h>’peractivity of the heart 
were not neutralized by penpheral vasoconstnction On the other 
hand, were the high blood pressure due to primarj vasoconstriction 
—a conception now generally accepted— the cardiac output would 
be decreased to such extent as the rise m penpheral resistance was 
not overcome by increase in the work of the left ventricle 
Unfortunately, many of the measurements of cardiac output in 
hypertension were carried out by unreliable methods (See Groll- 
man*^ for details ) The pioneer measurements of Plesch** revealed 
an essentially normal cardiac output m hj'pertensiv e patients 
Subsequent studies by Liljestrand and Stenstroem," Hayasaka,*® 
and Ernst and Weiss^* indicated that the cardiac output in essential 
hypertension is increased above that corresponding to the oxygen 
consumption of the patient Contrariwise, Burwell and Smith,” 
Lauter and Baumann ” Ringer and Altschule,” Weiss and Ellis,** 
Ewig,” and Gladstone” found that m hypertension without cir- 
culatory failure the minute volume is either within or below the 
normal limits Using Grollnian’s acetylene method for measuring 
the cardiac output, apparently the best available method, Grass- 
mann and Herzog*® found the minute volume within the normal in 
3 patients with essential hypertension, and ICroetz*® observed the 
cardiac output to be low m the la^e majority of hypertensives, 
although it was elevated m exceptional instances The weight of 
evidence therefore indicates that in essential hypertension the 
cardiac output is most often within or below the normal values 
corresponding to the oxygen consumption of tlie patient, and 
therefore accords with the prevalent conception that the immediate 
mechanism of the elevation of blood pressure is increase in periph- 
eraV resistance How ever, inrther study of the volume of circulation 
m hypertensive states seems desirable, for it might disclose the 
participation of different mechanisms m the production of the high 
blood pressure Thus, there is one type of hypertensive patient 
with predommantly symptoms of vasomotor and emotional instabil- 
ity, in whom the pulse pressure 13 often very high, and m whom one 
might anticipate an elevated cardiac output But m interpreting 
the findings, one must bear in mind that the basal metabolism is 
often elevated in essential hypertension, which requires a corre- 
spondingly greater cardiac output regardl^ of the mechanism of 
the hypertension 
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Velocity of Blood ^/o«> —Available evidence indicates that the 
blood circulates at approxiinattly normal vdocitj in at least the 
large majority of instances of essential hj pcrtensioii vvithout heart 
failure Using the radium C metliod (page oO) Blumgart and 
Weiss* found the arm to-arm circulation time within normal limits 
m many hjpcrtensucs, m other cases it was prolongeil Ilitzig 
King and the writer have made a large number of measurements 
of the arm to*lung (ether method) and arm to-tongue (sactharin 
method) circulation times m various forms of hypertension and 
have found them within normal limits m the absence of heart 
failure In unusual instances in which hypertension is associated 
wiUi polycj themia and marked increase in circulating blood volume 
(Gaisboe^cks type of polyty thcinia) the circulation time may be 
moleratelv prolonged As pointed out by Blumgart ind \\ciss 
the absence of acceleration of the velocity of blood flow m essential 
hypertension is of theoretical interest m that it funnshes further 
evidence that the elevation of blood pressure is not due to primary 
overactivitv of tlie heart 

I cnoiw Pressure —In the large majority of instances of essential 
hypertension without heart failure the venous pressure is within 
nonnal limits In exceptional lustanccs as shown by Blumgart 
and ^^C1S3 * and Brandt and Katr '* the venous pressure is elevated 
to such values as 10 to 12 cm of water m the absence of other 
evidences of cardiac msufficicncv 1 have seen this most often in 
the malignant phase of essential hypertension Xhe origin of the 
elevation of venous pressure m these cases is not dear Imong 
the factors that may be concerned are constriction of the veins 
obstruction to the venous return to the nght heart hv a bulging 
intcrventriailar septum ({>aj,c 447) and increase in circulating 
blood volume 

Irtcnal Pressure — Lvidenccs of heart failure may he entirely 
lacking despite very high arterial pressure Y woman with arterial 
pressure of GOO/HO iniii was able to walk up three flights of stairs 
witliout undue shortness of breath The relations of the height 
of tlie arterial pressure to heart failure w ill be further discussed m 
the following (page 445) 

Capillary Pressure —Despite a number of investigations little is 
known concerning the pressure in the capillaries m hypertension 
This 18 largely due to the fact tliat the methods for measuring capil 
larv pressure m man are not yet satisfactory Boas and Rlufson'^ 
found the capillary pressure normal in most instances of essential 
hvpertension but persistently elevated in other cases Ellis and 
\Yeiss” found the capillary prcsisure in essential hvpertension to 
average 12 mm of mercury a slight elevation over their normal 
a\ erage of 9 mm According to Kyhn tl e capillarv pressure is 
normal in essential hypertension but elevated m glomerulonephritis 
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a finding which has been confirmed by Jlufson On the other 
hand, KhngmueUer” did not find any constant difference between 
the capillary pressure m essential hypertension and in glomerulo- 
nephritis , 

Circulating Blood Volume —In some cases of essential hyperten- 
sion, the circulating blood \oIume is increased However, there is 
no parallelism between the height of the blood pressure and the 
volume of blood in active arculation, and there are many instances 
of extreme hypertension with a normal volume of blood in active 
circulation Ilartwich and May** found the circulating blood 
volume increased m 7 of their 12 cases of essential hypertension 
In so-called polycythemia hypertonica (Gaisboeck's syndrome), 
hypertension is accompanied by polycythemia and consequent 
increase in circulating blood volume, but the connection between 
the hypertension and erythrocytosis is not clear When the heart 
fails in essential hypertension, the blood volume rises 

Causes of Decompensation of the Hypertensive Heart —Symptoms 
of heart failure in essential hypertension generally appear only 
after the blood pressure has been elevated for years, often decades 
Such heart failure is a true decompensation, for it occurs after the 
left ventricle has previously compensated by hypertrophy and 
perhaps other mechanisms for the increased work imposed on it by 
the hypertension The problem of why the heart finally gives way 
before the hypertension after coping successfully with it for years 
IS of great importance, and one about which much remains to be 
learned Even at the necropsy of a hypertensive patient who has 
succumbed to heart failure, the judicious observer is often unable 
to state with assurance whv tlie heart failed 

One factor that is probably of primary significance in the patho- 
genesis of most instances of heart failure in hypertension is progres- 
sive insuffixnency of the blood supply to the left lenlricle This chamber 
is forced to perform increased work to master the high blood pres- 
sure and hypertrophies m consequence The bigger muscle mass 
performing the greater work doubtless requires a more ample blood 
supply than does a left ventncle of normal size carrying on the 
usual Hori. i?u£aC the same time as the left icntttde hypertrophies, 
tile persistent hypertension favors the development of coronary 
arteriosclerosis In the la^e majority of instances of hypertension 
succumbing to heart failure, well marked coronarv arteriosclerosis 
IS found at necropsy And even m those cases in which the lumen 
of the coronary arteries is ijot seriously narrowed, the arterioscler- 
otic changes in the w alls prcsumablv inhibit the increase m coronary 
flow required by the hypertrophic left ventricle In a number of 
instances in which great left ventricular hy’pertrophy due to causes 
other than hypertension has been present for many years, I have 
observed that the lumens of the large coronary arteries are con- 
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siderabl^ bigger than the usual, doubtless an adaptation to more 
\ olummous coronary blood flow Support for the conception that 
the blood supply to the hjpertcnsive heart does not keep pace with 
the hypertrophy is afForded by the finding of Gross and Spark** 
that tile a\ erage number of arterioles per low pow er field diminishes 
m mN erse proportion to the weight of the heart 
The underlying basis on wliicli heart failure in essential hyper- 
tension develops would thus appear to be relative isclieinia of the 
left ventricle This results from the coincident operation of two 
pathogenic factors, namely, hypertrophy of the left ventricle with 
resultant need for more ample blood supply, and limitation of blood 
flow to the left ventricle due to artcnosckrosis of the coronary 
vessels Often, it would seem, die simple progress of these two 
factors leads to weakness of the left ventricle and the clinical mani- 
festations It entails But m other cases, tlie actual appearance of 
clinical symptoms of heart failure is precipitated by vanous factors 
which accentuate the disproportion between the blood flow needed 
h) the left ventricle and that which it actually receives Among 
these the following may be mentioned 
1 Chnicaltif ilant/&sl Coronary ArUnosdcrosu —In the fore- 
going, we have seen that coronary artcnosclcrosis is probably one 
of the underlying pathogenetic factors m most instances of heart 
failure in essential hypertension Sometimes, however the coro- 
nary sclerosis produces neitlier clinical sjnnptoms nor electrocardio- 
graphic changes And exceptionally cv cn at necropsy , the sclerosis 
mav compromise the lumens of the coronnn irtenes so little that 
one would attnbute slight significance to it, were there not the 
greatly hypertrophied left ventricle vvitli its need of an abnormally 
great blood supply But in other cases, tJie coronary arteriosclerosis 
is so severe that it is obviously the principal and immediate cause 
of the heart failure The latter may be initiated suddenly by major 
coronary thrombosis, or by a change in rhythm Or the coronary 
artery disease may be rev caled by either angmal pains or electro 
cardiographic evidences of myocardial damage which, in long- 
standing hypertension, one is generally safe m attributing to 
narrowing of the coronary arteries Averbuck* found that severe 
coronary arteriosclerosis was present at necropsy in 85 per cent of 
patients with essential hypertension who had heart failure, but m 
only 10 per cent of hypertensive individuals without cardiac insuffi- 
ciency In a large majority of the necropsies that I hav e seen on 
hypertensive patients succumbmg to heart failure actual coronary 
occlusions or extreme narrowing of coronary branches with focal 
scarring of the myocardium have been present Such a manifestly 
coronary ongin of heart failure m hypertension appears to be more 
common in the male In indmdu^s with both hypertension and 
diabetes coronary artenosclerosis is generally very severe and is 
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most often the manifest cause of the heart failure Similar pre- 
ponderance of the coronarj- element m the causation of heart failure 
IS more common m the very old than m the relati\ely >oung indi- 
\ idual with hj'pertension 

2 Overexertion — Not uncommonly, patients with hj pertension 
attnbute their symptoms of heart failure to some physical or emo- 
tional stress Most often, careful interrogation elicits antecedent 
dyspnea on exertion or other ^mptoms of heart failure to which 
little attention had been paid Among the circumstances which 
may thus brmg hitherto disregarded cardiac weakness to the 
attention of the patients are emotional upsets, lifting heavy weights, 
climbing stairs, ingesting a heavy meal, and coitus But it is to 
be emphasized that such factors merel> bring to the surface symp- 
tomatically latent heart failure through accentuating the already 
existing disproportion between the need of the left ventricle for 
blood and its blood supplj 

3 Infectume — Occasionalli , an acute upper respiratory or pul- 
monary infection m a previously well compensated vndiMdual with 
h> pertension is follow^ by heart failure This may occur during 
the febrile period, or become manifest onlv after the patient leaves 
bed The factors discussed on page 660 are presumably concerned 
in the production of the heart failure It raaj also be thought that 
the infection injures either the heart muscle directly or m some way 
affects the arteriosclerotic process in the coronanes adversely, but 
1 am not acquainted with precise anatomical studies m this regard 
In raj experience, the number of instances of heart failure m hyper- 
tension which ha%e been definitely precipitated by an intercuirent 
infection has been very small Hypertensives often pass through 
severe infections, such as lobar pneumonia or typhoid fever, with- 
out developing circulatorv failure Moreover, it should be borne 
in mmd that bronchopneumonia is often a consequence of left heart 
failure (page 244), indeed much more often, I believe, than it is a 
cause of cardiac msufficiencj 

4 Superelevation of the Blood Pressure — There is no close cor- 
relation between the height of the blood pressure m essential hyper- 
tension and the liability to heart failure In relatively young 
individuals m whom essential hypertension enters the malignant 
phase, the arterial pressure, especially the diastolic, is usually very 
high, and yet they almost always succumb to renal insufficiency 
with the cardiac manifestations in the background of the clinical 
picture Especially in middle aged women just past the menopause 
it 13 not uncommon to observe systolic pressure over 250 and 
diastolic pressure over 130 for several years with little cardiac 
enlargement and no marked evidences of heart failure On the other 
hand, heart failure may develop with a blood pressure which has 
not exceeded 170/100 mm In exceptional cases with widely fluctu- 
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ating i)looii presbure, iti abrupt and marked rise of blood pressure 
seems to precipitate acute left \cntncular failure sometimes with 
resultant pulmonary edema This sequence of e\ents has also 
Jicen observed m true parox3stnaI hypertension due to chromaffin 
tumors of the suprarenal medulla That most instances of acute 
left ventricular failure with pulmonary edema m essential hjper* 
tensjon are precipitated by a supereJev ation o! the pressure 
Ins not been provctl, but it is possible (Chapter \IV) In this 
coiiiicctioii it should he borne in mind, left ventricular failure with 
pulmoiiarv edema often causes a secondary rise in blood pressure 
probabls as a result of asphvxia When ovcrexertion induces left 
ventricular failure m hjqicrtension, the increase m iniiiute volume 
13 probably a more signihcant patliogcnctic factor than the change 
in blood pressure, indeed, white severe physical exercise results m 
elevation of the systolic pressure, the diastolic pressure is either 
unchanged or falls 

5 —Individuals with essential hypertension are often 

obese and when the idiposity is marked it may play a r6le m the 
production of cardiac insufficiency The excessive body weight, of 
course increases the work of Uic heart Also, tJie upward displace- 
ment of tlic dinphragni due to the enlargement of t)ie omental and 
other fat depots in the abdomen in most obese persons places the 
heart in a more transverse position, in whicJi it may work at a 
mcdiamcal disadvantage lurthenuore, in extremely obese indi- 
viduals there mav be extensive deposition of fat under the epi- 
cardium with infiltration between tlic myocardial fibers down to 
the tndocarilmm Not uncoiiimonly, symptoms of heart failure in 
obese patients with high blood procure are alleviated when the 
body weight is reduced 

h ComplfcaUn^ VaJrular Lanons — Arteriosclerotic changes in 
the mitral and aortic valves arc common m long standing essential 
hypertension Often, they arc merely postmortem discoveries, 
though they may produce systolic murmurs I,ess often arterio- 
sclerotic changes produce aortic diastolic murmurs and very rarely 
the inunnurs of mitral stenosis Sudi arteriosclerotic valvular 
fesions seem to pfay fittfe part in the patfiogenesis of heart failure 
in essential hypertension 

I ssential hvqiertcnsion develops witli remarkable frequency m 
niuklle-aged women with rheumatic mitral stenosis (page 522) 
Tlie combination of arterial hypertension and mitral stenosis does 
not seem especially unfavorable as regards the production of heart 
failure I hav e seen a number of cases in w hich they have co-existcd 
for years without heart failure Indeed it seems plausible that 
the narrowing of the mitral ostium tends to spare the left ventricle 
But patients with both mitral stenosis and essential hypertension 
are much more apt to devdop auricular fibrillation tlian those 
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With only high blood pressure \Vhen heart failure is initiated with 
auricular fibrillation in an individual witli high blood pressure, the 
possibility of occult mitral stenosis should be borne in mind, even 
though characteristic murmurs are not audible during the period of 
rapid heart action 

The association of essential hypertension w ith aortic regurgitation 
of rheumatic or syphilitic etiology is not as common as with mitral 
stenosis, but is not rare \Vhile some of the cases do well for a 
considerable time, those due to syphilis are especially apt to develop 
rapidly progressive heart failure, and sudden death is common, 
most often as a result of the sj^philitic mvolvement of the mouths 
of the coronaries 

7 Emphysema —Many elderly patients with essential hyperten- 
sion have well marked pulmonary emphysema In some cases this 
is merely a “functional ’ emphysema, due to the failure of the left 
side of the heart (page 427) But m other cases there is true emphy- 
sema It vs to be presumed that the latter inflicts an added burden 
on the right heart Not rarelj, m these patients, circulatory 
insufficiency starts as right ventricular failure, indicating that the 
pulmonary disease is concerned in its causation Conceivably, the 
mcreased resistance m the pulmonary circuit may serve to shield 
the left heart to some extent 

The Stage of Isolated Left Ventncular Failure —In the large 
majority of instances, circulatoiy failure m hypertension is initiated 
as isolated insufficiency of the left ventricle 

Symptoms — Dyspnea, either exertional or parox>snial, is by far 
the most common initial symptom of left ventricular failure in 
essential hypertension, and may dominate the entire clinical course 
Most often, the patient first notices that he is short of breath on 
climbing stairs after a heavy meal, dunng a lively conversation, 
etc Or orthopnea is the initial complaint, discomfort necessitating 
the use of more than one pillow, this is especially common m the 
obese In still other individuals, especially ^ose of sedentary habit 
the first subjectiv e evidence of heart failure is awakening at night 
with a paroxysm of cardiac asthma, or one of its equivalents (page 
147) But in such cases with seemingly initial cardiac asthma 
careful inquiry usually elicits previous shortness of breatli on 
exertion, to which little attention had been paid or which had 
been referred to obesity or lack of exerase Rarely, the first attack 
of cardiac asthma is accompanied by massive pulmonary edema 
and may be fatal 

Patients, even when physicians, use many analogies to describe 
the purely subjective sensation of dyspnea, and when the descrip- 
tion IS atj-pical it may be difficult to decide whether the thoracic, 
cervncal, or epigastric discomfort mduced by exertion is djspnea 
or angma pectoris, t e , whether the symptom is respiratory em- 
28 
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birrassment due to bleakness of the left \cntncle or the pam of 
injocardial ischemia produced by the coronary naiTo\Mng so com- 
mon m h\pcrtcnsion The differentiation is an important one, 
especially for rational tlierapy, but unfDrtuDate]> cannot invariably 
be made w ith certainty Doubtless, dyspnea and angina pectoris 
are often combined to form a complex sensation 

Dyspnea may be accompanied by otber sjmptoms of pulmonary 
engorgement Of these, cyanons is tlie most frequent, but is by 
no means constant Hypertensive patients of plethoric habitus 
and witli a high hemoglobin content of tlic blo^ have cjanotic 
lips and less often nailbcds with relatively slight degree of pulmonary 
engorgement many of these individuals with haUtua apoplecticu^ 
have a color simulating cyanosis even in tlie absence of heart failure 
Another common symptom neough, either dry or productive The 
expectoration may be blood streaked In an individual with high 
blood pressure who dev clops cough, expectoration, and hemoptysis, 
the first thought should lie of kft ventricular failure rather than 
of emphysema, “chronic bronchitis ’ or other primary pulmonary 
disease 

Lxceptionally, there arc episodes of syncope or other symptoms 
of cerebral ischemia These ore mucli more apt to occur with con- 
comitant well marked cerebral arteriosclerosis Insomnia is often 
an early symptom of left ventricular failure, and is usually alle- 
V latcd when the heart improves 

Objective Findings —The heart is usually enlarged downward and 
to tlie left However, there are many cases with severe symptoms 
of left ventricular failure in v»hich this enlargement cannot be 
demonstrated by physical examination alone especially when tliere 
IS emphysema Sometimes, m an individual previously known to 
have had a heaving apex beat, this is found less powerful and more 
diffuse Tlie auscultatory findings are not always significant 
Usually the lieart rate is accelerated, but especially m hypertension 
there may be severe left ventneuJar failure with a pulse rate of SO 
or less per minute The first sound at the apex may be less boom- 
ing tJian during the compensated stage Gallop rJiytiim is the most 
characteristic auscultatory sign of left ventricular failure but there 
are manv cases in which it is not heard An apical systolic murmur 
13 usually present although without knowledge of the previous find- 
ings it may be difficult to determme whether this is functional and 
a consequence of the \ entricular dilatation or due to arteriosclerosis 
of the mitral valve The pulmonic second sound is accentuated 
and may be louder than the likewise intensified aortic second sound 
Very rarely, especially when renal insufficiency has resulted m 
anemia, the murmur of aortic mcompetence appears 

Inspection, percussion, and auscultation of the chest may reveal 
the functional emphysema * stressed by Weiss and Robb Cp^ge 
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427) In such patients the excursions of the lung margins during 
deep breathing are limited The small moist rales of pulmonary 
engorgement may be audible at the bases posteriorly Not rarely, 
diffuse squeaks are heard, they evidently result from engorgement, 
for they disappear with improvement of the heart The engorge- 
ment may be sufficiently intense to produce, per se, dulness at the 
bases in the absence of pneumonic consolidation or pleural effusion 

In sharp contrast to the evidences of pulmonary engorgement is 
the absence of systemic \en 0 u 3 stasis, the cervical veins are not 
unduly filled, the hver is not enlarged, and edema of the feet is 
absent 

The effect of left ventricular failure on the arterial blood pressure 
IS variable Most often, there is little change or a moderate fall 
Not rarely, however, the arterial pressure rises during acute left 
ventricular failure (page 149) A severe and rapid fall m arterial 
tension should always call attention to the possibility of coronary 
thrombosis w ith its attendant shock 

AUemahon of the heart with pulsus alternans occurs most often 
m the left ventricular failure of hypertension It is espeaally apt 
to development m the malignant phase of essential hj-pertension 
after renal insufficiency has appear^ 

Roentgen ray Examination —Roentgen ra> examination rev eals the 
increase m size of the left ventricle, which is enlarged downward 
and most often, but not alwajs, to the left Weiss and Robb®* call 
attention to the fact that the excursion of the left border is less 
than that of the right ventricle, this is a necessary consequence of 
dilatation of the left ventricle (page 375) There may be some 
bulging of the left auncie into the retrocaidiac space, but it is not 
as marked as in many cases of mitral stenosis and is mdeed most 
often not demonstrable Prominence of the pulmonary conus may 
reveal the hypertrophy of the right ventricle The hilus shadows 
and lung fields exhibit the charactenstics of engorgement 

Electrocardiogram —The electrocardiogram does not necessarily 
exhibit any deviation from that present m the compensated stage 
of essential hypertension It is to be emphasized that severe left 
ventricular failure may exist in the absence of electrocardiographic 
evidences of myocardial damage \Vhen serial electrocardiograms 
are available, one often finds that the electrocardiogram is essen- 
tially the same as when the patient had no symptoms of heart 
failure In other cases, new evidences of myocardial damage have 
appeared, notably lowenng of the voltage of the Q-R-S complex, 
defects of intraventricuhr conduction, or inversion of the T wave 
m the first lead (but see page regardmg the latter) However, 
there may be severe left ventricular failure despite high voltage 
and upright 7* waves 

The acm-to-arm circulatuin. time is almost always prolonged, this 
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IS an important diagnostic aid in obscure cases We liave already 
referred to the \ery rare instances of left \cntncular failure with 
normal pulmonary circulation time (page 57) The ann-tf>*lung 
circulation time is normal m some cases, prolonged m others (page 
210 ) 

1 he ^ enous pressure is most often normal, exceptionally some- 
wliat high (iiage 14S) 

IliTertensue patients ^ith left \entriculap failure are ahvajs in 
danger of the three major complicatioru of pulmonary engorgement, 
namelj, pulmonarj edema, pulmonary infarction, and broncho- 
pneumonia 

'Ihe duralwn of the stage of isolated left \entricular failure m 
essential hypertension is very \anablc Often, it lasts for ^ears 
nith exacerbations and remissions I ha\c known hj'pcrtensu e 
patients who lm\e suffered scxcre episodes of left %entncular failure 
during a penod of ten or more jears Ihere arc mani individuals 
with high blood pressure who arc mildl> or modcrateb dj«pneic on 
exertion for man> jears without exhibiting any evidence of failure 
of the right heart 

The Stage of Combmed Left and Right Heart Failure — Alany 
hypertensive patients succumb during the stage of isolated left 
heart failure as a result of coronaiy thrombosis acute pulraonaiy 
edema cerebral licmorrhagc, uremia bronchopneumonia, or other 
complications But an even larger quota sooner or later develop 
insufBcicncy of the right side of the heart id addition to their pre- 
existent left heart failure 

Pathogenesis of Right Heart Failure m HTpertension — ^Vhcn the 
left side of the heart fails the tension m the pulmonary circuit is 
elevated The work of the right aentncle is correspondingly in- 
creased with resultant hypertrophy As long as the hypertrophied 
right ventricle masters the increased resistance in the pulmonary 
arcuit the clinical picture is that of isolated failure of the left 
\entncle and engorgement of the vcnxcavieand their tributaries 
is absent But sooner or later in most instances the right ven 
tricle decompensates, t c , it fails to empty as completely as before, 
the tension irtt^irn Ote chamber durtttg diastole rises and engorge 
ment of the sy stemic veins is the consequence 

The pathogenesis of decompensation of the right ventricle m 
hy-pertension is probably often similar to that of the antecedent 
failure on the left ventnele The increased tension in the pul 
monary circuit and the resultant hypertrophy of the right ventricle 
necessitate a more ample coronary flow to the right ventricle than 
in health But at the same time, progressive artenosclerosis of the 
coronary branches to the nght, as well as the left side of the heart 
interferes with the delivery of such an increased blood supply, until 
a point is reacJied at which the bJixid supply is insufficient and 
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decompensation occurs It is true that gross ischemic lesions of 
the right ventricle as a result of coronar} arteriosclerosis are much 
less prominent than those of the left ventricle (page 453), but there 
can be no doubt that m widespread coronary arteriosclerosis, the 
nutrition of the right ventricle must also suffer The secondary 
causes of decompensation of the left ventricle enumerated on 
page 440 may likewise operate m causmg subsequent insufficiency 
of the right side of the heart Many indiv iduals with hj-pertension 
develop marked pulmonary emphysema, which serves further to 
increase the v.ork of the right ventricle Likewise, the protracted 
and severe cough often present in the pulmonarj engorgement of 
left ventricular failure adds to the strain of the nglit side of the 
heart Not rarely, the development of auricular fibrillation or 
another arrhythmia precipitates the insufficiencj of the right side 
of the heart Flaxman"^ found tliat auricular fibrillation preceded 
and seemed to be concerned in the precipitation of about one- 
quarter of his cases of right heart failure in hjpertension 
Displacement of the Interrentncular Septum —Another mechanism 
producing engorgement of the sjstemic veins m left ventricular 
dilatation was described by Bernheimd and is known m the French 
literature as the syndrome of Bemheim In a large number of cases 
in which hypertension and arteriosclerosis had resulted m great 
dilatation of the left ventricle, and which succumbed with severe 
engorgement of the systemic veins, Bernheim observed at necropsy 
that the nght ventricle was not dilated In these cases, he found 
that the cavity of the right ventricle was greativ compromised by 
the bulging into it of the greatly hjpertropbied interventricular 
septum In the course of the dilatation of the left ventricle, the 
interventricular septum bulged convexly to the right so far as to 
approach within a few millimeters of the nght wall of the right 
ventricle in the apical half of the chamber In some of his cases, 
little more than the upper half of tlie nght ventricular cavity and 
the pulmonaiy conus remained open, the apical half of the right 
ventricle being represented only by a narrow slit between the bulg- 
ing septum and the lateral wall The pulmonary conus and the 
right auncle were dilated 

Bemlieim’s conception is that the bulging of the septum into 
the right ventncle, due to the dilatation of the left ventricle, so 
obstructs the flow of blood from the right auricle as to produce 
engorgement of the vena; cavse with ite consequences m the form of 
swelling of the cervical veins and liver, dropsj, etc. He observed 
that in these cases, contraiy to mitral disease, the systemic venous 
engorgement is not accompanied by marked congestion of the lungs 
Apparently, the mterference with the filling of the right ventricle 
by the bulgmg septum serv ed to protect the lungs from the engorge- 
ment which would otherwise have resulted from the failure of the 
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left ventricle Observations and deductions similar to those of 
Ikrnhcim have been published by Mazzei** and others 
At many necropsies on jiatients wiUi ij>pertension or aortic 
insulfieicncj and sev ere sistemic venous stasis I hav e also observed 
that the septum of the enormously liypcrtrophied and dilated left 
ventricle bulged so far to the right tliat a large part of the cavity 
of tlie right ventricle was obliterated Ihese postmortem appear 
anccs hav t often seemed to me to support strongly Bernheim s 
view that the bulging septum had actually interfered wiUi tlic filling 
of tlie right ventricle during lift especially m view of the great 
thickness and usual firmness of the septum Moreover when the 
left ventricle fills ind dilates the diastolic tension within it rises 
(page 302) which would further iiicreise the resistance offered by 
a bulging septum to tlie filling of tlie right ventricle 
It 13 interesting tliat a similar conception was attained by Hcnder 
son and I*rincc“‘ in an cxpcrimtntal investigation on the perfused 
heart They found that when they increased the filling pressure of 
the left ventricle and tlicrcbj dilated an 1 augmented tlie output of 
this chamber the output of the right ventricle fell a phenomenon 
which they attributed to displaetiucnt of the interventricular sep 
turn so as to interfere vvith the filling of the right ventricle 
Septal bulging w oul 1 c.\plam tlic occasional cases m vvbich left 
ventricular dilatation due to hypertension or aortic msulficiency is 
accompanied by sjstcmic venous engorgement m the absence of 
severe pulmonaiy congestion In a number of patients with hj-per 
tension I have observed elevation of the venous pressure to 12 
or cv cn more centimeters of blood Ui the absence of notable pul 
inonarj engorgement and where the pulmonary circulation time 
was witliin or dose to the normal In some of these cases the 
roentgen picture revealed enlargement of tlie left ventricle but 
little of the right ventricle It would seem very probable that m 
sucli cases the venous engorgement was due to bulging of the 
septum into the right ventricle a virtual tricuspid stenosis 
It would tliiis appear tliat two mechanisms may result m systemic 
venous engorgement m essential hj^ertcnsion 

1 Increase in tension in the pulmonary circuit due to failure of 
the left ventncle with secondary failure of the right ventricle 
Here the lungs ore intensel) engorged and the right ventricle is 
dilated 

2 Bulging of the septum of the hypertrophied and dilated left 
ventricle into tlie right ventncle wiUi resulting obstruction to the 
flow of blood from the right auncle Here pulmonary engorgement 
13 less prominent and the right ventricle is not dilated apart from 
the pulmonary conus and subjacent to the tncuspid valve 

Further investigation is needed to ascertam the relative fre 
quenev of these two forms of systemic venous engorgement m essen 
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tial hypertension, and the factors leading to the one or the other. 
It has seemed to me that obturation of the right ventricle by septal 
deviation is more common n the relatively young, in whom hyper- 
trophy of the left V entriele is more pronounced and the dilatation 
13 more of the "tonogenous” vanety (page 304) On the other 
hand, dilatation of the right ventricle is usually the outstanding 
factor m long standing hypertension m the elderly with severe 
coronary arteriosclerosis, m whom the hypertrophy of the left 
ventricle is not so great and its dilatation predominantly “myo- 
genous ’ (page 304) in origin 

Climcal Picture —When insufficiency of the right heart appears 
in essential liypertension, the clinical manifestations are much the 
same as m mitral disease and other forms of right heart failure 
secondary to weakening of the left side of the heart Cyanosis, 
swelling of the veins, rise m venous pressure, the ventricular form 
of the venous pulse, enlargement, tenderness and pulsation of the 
liver, subcutaneous edema, h>drothorax, ascites, oliguria, and albu- 
minuria may be present m vanous combinations On the other 
hand, the dyspnea and orthopnea which dominated the picture 
during the stage of isolated left heart failure are often alleviated, 
presumably as a result of diminution m pulmonary engorgement 
And patients who have suffered from nocturnal paroxysms of 
cardiac asthma frequently lose these entirely or largely with the 
appearance of systemic venous engoi^ement The same is most 
ohen true of anginal pains, when these were previously present 
In other words, with the weakening of the right heart, the patient’s 
suffering may become less intense even though he is now continu- 
ously bed-ridden and his outlook worse 

Vanous changes in the size and shape of the hypertensive heart 
may accompany the appearance of systemic venous stasis As 
mentioned above (page 448), there may be little broadening to the 
nght, these are presumably the cases m which septal deviation is 
largely responsible for the venous engorgement In other cases, 
the cardiac silhouette extends almost as far to the right as to the left 
as a result of dilatation of the right ventricle and auricle In these 
universally dilated hearts, the amplitude of pulsation of the borders 
IS very small and may be hardly perceptible 

Not rarely, heart failure in hypertension runs its entire course 
with little change in rhythm Other cases, however, exhibit dis- 
turbances in rhythm Of these, only alternation is an unequivocal 
expression of heart failure, the other arrhythmias may also occur 
in the absence of failure, being largely the result of myocardial 
damage due to coronary arteriosclen^is Extrasystoles and auricu- 
lar fibrillation are the most common arrhythmias in hypertensive 
patients, the latter occurred in 75 of Rothstadt’s®* 1000 cases of 
hj’pertcnsion and m 158 of 623 patients with hjiiertensive heart 
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disease studied by 1 Jaxiuan “ Paroxs smal tach^ cardia is not rare 
itinaj precede the onset of heart failurt by manj jears or the latter 
niaj never develop \uncular flutter may also occur ^Vhen 
coronary disease produces heart block m a hjpertensive patient the 
previously high diastolic pressure may fall is a result of tlie long 
diastole while tlie systolic tension remains high 

Left Ventricular Failure in Acute Olomerulonephntis 

In acute glomerulonephritis there is often quick and marked rise 
in arterial pressure which is doubtless ])riinarily the result of 
widespread peripheral vasoconstriction In severely oliguric or 
anunc patients hv dremia with resultant increase m the v ohime of 
circulating blood may also add to the work of the heart but further 
studies are needed to ascertain how often tins factor is significant 
the few available investigations indicate tliat hydremia is present 
in only some of the cases 1 Icural or peritoneal clTusioiis mav 
hamper the work of the heart Convulsions occasion a terrific 
strain on the heart While the myocardium usually exhibits few 
histological changes at necropsy it is to be presumed that m tlic 
coses ift whicli activity of tlie causative infection is documented by 
fever or other evidence the functional capacity of tlie heart muscle 
may be adversely affected Injury to tJic heart muscle in acute 
glomerulonephritis is not uncommonly indicated by elcctrocardio* 
graphic changes (Master Jafle and Dack*') though these are 
usually but sliglit and evident only in serial tracings 

\3 a result of tliese factors evidences of left ventricular failure 
are very common in acute glomerulonephritis ihe outstanding 
symptoms are dyspnea and sometimes palpitation or discomfort 
when King on the left side Dyspnea may be an initial symptom 
of acute glomerulonephritis Objectively tlie findings are tachy 
cardia perhaps slight cniargciiient of the left v entricle and often 
a systolic murmur at the apex and gallop rhythm The weakness 
of tlie left ventricle may be indicated bv the fact that the pulmomc 
second sound is louder than the aortic second sound despite the 
presence of hypertension 

In rather exceptional cases cardiac insufficiency becomes ven 
severe and dominates the clinical picture the chief danger to life 
m the first few days of acute glomerulonepliritis is heart failure 
The heart may give way with startling suddenness either out of a 
clear sky or following a convulsion At the onset the picture is 
generally that of typical left ventricular failure There is agonizing 
dyspnea and orthopnea and cyanosis may be superimposed on the 
previous pallor of the patient The heart rate becomes very rapid 
there is gallop rhythm and a functional systol c murmur at the 
apex and the pulmomc second sound becomes accentuated some- 
times enlargement of the left ventricle can be demonstrated within 
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a relatively brief period Moist rales are generally to be beard at 
the bases of the lungs and at any time frank, pulmonaiy edema with 
its characteristic auscultatory signs and pink, foamy, albuminous 
expectoration may appear In some instances the blood pressure 
falls, but more often it nses (page 233) There may be alternation 
of the pulse During this stage, there is neither peripheral edema 
nor notable swelling of the liver, and the cervical veins are not 
distended except during violent paroxysms of dyspnea Death from 
pulmonary edema may be appallingly rapid— the hyperacute asys- 
tole of the French Some patients present this picture of isolated 
failure of the left ventricle for days, the dominant feature being 
either continuous or paroxysmal dyspnea with or without demon- 
strable pulmonary edema In other instances, there appear signs of 
failure of the right ventricle, m the form of swelling of the cervical 
veins and liver, and cardiac edema Of course, in these patients 
it 13 often difficult to tell whether dependent edema is cardiac or 
nephritic m origin, both pathogenetic factors may be involved 

CORONARY ARTGRIOSCLEROSIS 

An anachronism in the development of cardiology is the compar- 
atively recent date at which the profession attained a general under- 
standing of so common and often fatal a malady as coronary 
arteriosclerosis • This tardiness is perhaps to be attributed to the 
frequency with w Inch advanced coronary disease is found at the 
necropsy of individuals who had no cardiovascular symptoms— 
which led to the denial of clinico-anatomical correlations that seemed 
to exist m other cases— and to the many and diverse guises behind 
which narrowing of the coronaries is masked Principal among the 
latter are the following 

1 Angina Pectons —Notwithstanding that John Hunter’s friends 
had already convinced themselves that coronary arteriosclerosis pro- 
duces angina pectoris, the connection was still disputed in the second 
decade of thepresent century by no less a master than Clifford Allbutt 

2 Myocardial Infarction t— It almost defies understanding that 
the everyday clinical drama of myocardial infarction was not cor- 
rectly interpreted until Hernck s*‘ classical paper of 1912, despite the 

* Dock'* has recenUy published bji excellent historical survey of coronary occlusion 

t The symptoms and signs generally designated as those of coronary thrombosis 
actually emanate from the resultant jnyocardiU infarction But as Libman" long 
ago pointed out by no meacu all mfarcta of the heart are due to coronary throm 
bosis In a careful investigation Friedberg and IIorn‘* found that 31 per cent of 
m> ocardial infarcts were not due to recent coronary thrombosis Wlien the coronary 
arteries are markedly narrowed extntcaidiac causes of diminished cardiac output may 
result m ischemic necrosis of the myocardium m the absence of thrombosis Indeed 
such conditions os aortic stenoew and pulmonary embolism may produce foci of 
myocardial necrosis uith litUe coronary disease (c/ also page 6221 In general 
therefore as Friedberg and Horn point out and in accord nith the customary usage 
in France the use of the term myocardial infarction is more accurately descriptive 
of what IS actually diagnosed than is coronary thrombosis 
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multituduious compantu e tliiucal and anatomic studies of tiie con 
tcniporanos of Latnncc and Virchow 

3 Chrome Left Ventricular Failure —Only m tlie past fen 
decades has the profession in general appreciated that the vast 
majoritj of instances of left ventricular failure m iniddle-aged and 
elderl> indiv iduals in vv hieli necropsy rt,\ eals vv idespread mj ocardial 
fibrosis arc due to coronary sclerosis nml do not represent the late 
stage of antceedent mfiainnmtion of tlic heart implied by the formerly 
usual diagnosis of clironic myocarditis The usual onset of the 
insuincieney of the arteriosclerotic heart \iitli left ventricular failure 
setms to be a conseoiuence of the fact that i&cheinic ilamage to the 
my oiardiuin due to coronary narrowing affects the left ventricle 
most severely (page 4o8) Sooner or later — it may be only after a 
decade— the right ventricle also gives way and the patient has the 
usual symptomatology of gciicrah/cd cardiac failure 

4 Arrhythmias —Svinptoms due to cxtrasy^tolcs paroxysmal or 
continuous auricular fibnllalioii paroxysmal tachycardia auricular 
flutter or heart block (Stokes \dams syndrome) may for many y ears 
be the only manifestations of coronary arteriosclerosis 

5 AsymptoouticCoronaryArtenosclerosis — Asmcntioncdabnve 
lu'cropsy may reveal markcol coronary sclerosis even with old occlu* 
sions and myocardial damage in patients who died from other 
causes and without ihistory of cardiac symptoms Nowadays since 
elcctrocardiograpiiy has become a commonplace m routine cxamina 
tions one not rarely encounters electrocardiographic changes m all 
probabihtv due to coronary discascmindnidualsnithoutsymptoins 
{ f licart disease 

1) Sudden Death — Conniary arteriosclerosis is the most common 
cause of dropping dead In some such cases subsequent mvesti 
gallon elicits that angina pcctons or other cardiac symptoms had 
been present In others tlic victim, so for as can be ascertained had 
had no sy mptoms Necropsy may disclose m addition to the older 
cliaiigcs of coronary arteriosclerosis either fresh tlirombosis which 
has nut vet produced infarction or thrombosis plus infarction In 
other cases only marked coronary narrowing w itbout occlusion is to 
be found in the absence of otlicr canJme or extracardiac cause of 
death It is assumed that tlie coronary disease w as responsible per 
haps through the i/iter/nediacv of xaitrtcular fibrillation (page 354) 
tliougli there is no proof of this 

I he clinical inanifestations just enumerated may occur alone 
111 combination or m sequence Angina pectoris an 1 the arrhythmias 
are dealt vvitli in other chapters Because of the frequency of their 
association the left ventricular failure of coronary sclerosis is con 
sidered m conjunction with bvpcrtcnsion (page 443) and m Chapter 
\\IV Peculiar to coronary artenosclcrosis is complication by 
my ocardial infarction 
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MYOCARDIAL INFARCTION 

With the rarest of exceptions, myocardial infarction involves 
primarily the left ventricle (cf page 458) I ha\e not seen a large 
myocardial infarct which was not situated primarily in the left 
ventricle, although not rarely the infarction extends from the left 
ventricle and septum to the adjacent portion of the septum, very 
rarely, the necrosis reaches to the auricles * The consequence is 
that the heart failure of myocardial infarction is left ventricular 
failure 

Like other forms of left ventricular failure that of myocardial 
infarction tends on the one band to engorge the lungs and on the 
other to dimmish cardiac output But while the symptomatology 
of the more chronic forms of left sided failure due to hypertension, 
valvular defects or coronary sclerosis is almost entirely that of 
pulmonary engorgement with the consequences of decreased cardiac 
output in the background, the same is often not true of the acute 
left ventricular failure of myocardial infarction On the contrary, 
the symptomatology of myocardial infarction is often completely 
dominated by the consequences of decreased cardiac output with 
pulmonary engorgement hardly discernible One is then confronted 
by the classical clinical picture of shock The manifestations are 
practically identical with those of traumatic shock, the circulatory 
collapse that results from the vomiting of intestinal obstruction or 
the perforation of a viscus etc The difference is one of patho- 
genesis in myocardial infarction the decrease m cardiac output 
which causes ^e symptoms is of cardiac origin, m traumatic shock 
of peripheral origin For this reason the shock of coronary throm- 
bosis IS here spoken of aa cardiac shock Myocardial mfarction is the 
paradigm of cardiac shock, however, the same picture of cardiac 
shock occurs m other forms of acute heart failure, being a consequence 
of the rapidity with which the heart faib (''/ page 653) 

^lost often, cardiac shock and anginal pain dominate tlie clinical 
scene in the first day s of myocardial infarction afflicting an individual 
who did not previously suffer from heart failure After a few days, 
the shock tends to disappear and the patient either improv es or the 
evidences of pulmonic and perhaps also systemic engorgement 
become increasingly prominent Contrariwise, when the myocardial 

* The causes of the greater eusceplibility of the left ventncle to ischemic necrosis 
due to cutting down of the blood supply are not altogether clear They are presum 
ably connected with the greater tbickness of the left ventricle which may render 
compensatory collateral circulation from the thebesian vessels and other sources 
less elScient W bitten" found that the arteries supplying the nght t entricle spread 
practically in the same plane as the larger vessel from which they arise while the 
artenea to the left ventncle leave the mam trunks at right angles He believes this 
anatomical pecubanty tends to immobilize the larger arteries to the left ventricle 
and thus favors the production of angulations and kinks m consequence of the 
tortuosity of arteriosclerosis the angulation and kinking m turn interfere with blood 
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infarction aJfccts a patient witli pre»c3tisttnt lieart failure, tlie evi- 
dences of shock and of pulmonary and soiuLtmus sjstemic engorge- 
ment arc most often coinimnglcd from the start In tlit latter tj pe of 
case, the clement of shock maj be coinpletclj absent Wc shall 
first discuss the clinical pictures of shock and of pulmonarj and s>s- 
teinic engorgement due to injocardial infarction, and then their 
pathogenesis 

Clinical Picture of Cardiac Shock Due to Myocardial Infarction — 
Shock ina> appear almost smmltancousl} iMth the pain that signals 
the occlusion In other eases, evidences of circulatorj failure first 
appear hours or e^ en da^ s after the infarction Needless to s ly there 
arc also nian^ cases m winch clinical or cltcirocardiograplnc evidence 
proves the presence of infarction in winch there arc no indications of 
circulatorv failure It is the cases of m>ocardml infarction with 
abdominal pain and simultaneous shock that the unwaiy occasion- 
ally mistake for perforation of a peptic ulcer or otlier intra-abdora- 
inal episode, the shock sj inptoms niaj he essentially the same m both 
instances One should hear in mind that tlicrc are maii> cases of 
myocardial infarction with little or no pam* m which the pain is 
that of shuck Indeed, according to Lihman,** shock is more apt 
to occur in hyposensitivc individuals who experience little or no 
pain with the ittack 

Tlic s> mptuins of shock arc the classical ones described m Chap- 
ter \\\I1 In addition to prccordial pain its equivalents and 
radiations weakness, nausea, vomiting, thirst profuse sweating, 
and coldness of the extremities ore common ctimplamts ^Vlnle 
tliere arc rare instances in which the onset of coronary thrombosis 
is with loss of consciousness presumably due to cerebral iscliemia, 
the mind is generally clear, unless benumbed bj morphine Rest- 
lessness and excitement often develop, and on rare occasions pro- 
gress to delirium The patient most often can he fiat m bed without 
ortliopnea although lie may complain of dy spnea and breallie fast 
and superficially Tiie absence of ortliopnea is m c-ontrast to what 
occurs m the cases vvitli heart failure Cheyne-Stokes breathmg 
IS not r ire espeeiallv if morjiliinc lias been idmimstercd, but the 
pliosjc Variations ,ire not striking until the terminal stages The 
skin IS pale and clammy , the perspiration m ly be so profuse as to 
soak the clothing, a fe vture very eharactenstic of shock 'ihc fea 
tures are often sunl en 1 he face and hands often cxlubit a grayish 
cyanosis that may lead to the suspicion of tlie liiagnosis at tlie first 
glance Patches of irregular bluish r«l mottling (cutis mannorata) 
may be present The hands and feet ifc cold, especialh , as empiia- 
siz^ by Levine,** in centrist with the rectal temperature, which is 

* Gorbam and MnrtiD” found p&uitob»absentin42 of 100{atat ca^sof coronary 
occlus on m OS of wb ch tbere were ipoaa iiiiarelB This incidence of painlcsa fatnl 
coronary occlusion is higher than my experience Gorham and Martin state that 
pa. niess myo ard at infarction is more comiiMii in tl e older age groups and that the 
location ot the infarct bears no relation to the presence or absence of pain 
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generally elevated If there is considerable fev er, the hands and 
feet may not feel cold, though they are not as •\\arm as one would 
anticipate from the pj rexia present 
The heart is usuallj not enlarged above the dimensions present 
prior to the infarction The rate is rapid apart from the unusual 
instances of heart block Extrasj stoles, continuous or more often 
paroxjsmal auricular fibrillation, auricular flutter, ventricular 
tachvcardia, nodal rhjthm, shifting pacemakers, and the other 
arrhythmias which maj occur, as well as the pericardial rub that 
can be heard at one time or another m perhaps one-quarter of the 
cases,"'\\ill not be discussed here, details can be found m Levine’s*® 
monograph The heart sounds generally seem distant, and there 
may be embrj ocardia However, the most common auscultatory 
sign is gallop rhjthm, which is present at one time or another m 
most cases, and often suffices for immediate differentiation from gall- 
stone colic or other confusing conditions Gallop rhv thm ma^ be the 
one physical sign pointing unequivocally to cardiac injury 
During the stage of shock, physical and roentgen examination of 
the lungs mav rev eal little that is abnorm il It is true that Blumer* 
failed to detect pulmonary signs in onlv 17 of 76 patients with 
coronary thrombosis However these findings pertain to the totality 
of clinical types of myocardial infarction the proportion vviUi 
negative pulmonary findings is much higher in the first days of 
initial mvocardial infarction In some cases with an otherwise 
characteristic picture of shock small rales appear \ erv early at one or 
both bases The origin of these rSles is not clear, they also often 
appear m other forms of shock not of cardiac ongm (notably , sur- 
gical shock) Slight degrees of pulmonarv engorgement may be con- 
cerned in their pathogenesis, or, since the patients most often breathe 
superficially , there may be an element of atelectasis Nor is it clear 
why the rales are most often on the left side, there is no acute enlarge- 
ment of the heart to compress the left lower lobe and pleuro- 
pericarditis does not seem to be the explanation During the stage 
of shock there is little or no orthopnea and the pulmonic second sound 
IS not accentuated, indicating the absence of hvpertension of the 
lesser circulation In accord with the paucitv of signs of pulmonary 
engorgement during the period of shock, Hitzig, King and the 
w nter*' found that the xelocity of blood flow) through the lungs is slowed 
Utile or not at all This was demonstrated by the injection of 
saccharin (page 51), in cases of myocardial infarction with the 
picture of pure shock the circulation time thus measured prov ed to 
be close to or within normal limits Subsequently, as the shock 
clears up pulmonarv blood flow become retarded, then, symp- 
toms and physical signs of marked pulmonary engorgement make 
tlieir appearance Ihe susceptibility of patients with mvocardial 
infarction to bronchopneumonia is well known, but this dreaded 
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complication does not uauallj appear until i later stage after pul 
monarj engorgement has set m 

The puUe is small and rapid apirt from the rare cases of heart 
block Lcvmc’* states that alternation of the pulse is common 
but in m> experience it has been cxtremclj rare 
In the large majorit\ of instances Uieartrnniprrmirefallssharply 
from its previous lc\ cl If as is often the cast hypertension was 
previously present the tension ma> still be above the normal The 
height of the blood pressure is of consulcrable prognostic importance 
sharp fall in tension is of serious omen and the outlook isgrav e when 
the svstolic pressure falls Mow 80 mm In exceptional cases the 
irtenaf pressure docs not fall ind may even rise (cf \^eis3“) 
although the presence of shock is ampK ittested by cold extremities 
gray cvanosis and swelling, evidcntlv as mav also occur in other 
forms of shock compensatorv vasoconstriction atones for the 
decreased output of tlie heart (page 022) 

riie superficial r««* art toHapsod and the renoiis prejsure as 
measured in the antccubital veins is low (for figures cf Fishberg 
Ilitzig and King *) The writer formerly regard^ the low pressure 
in tlic veins of the extremities as evidence of the presence of pcriph 
era! circulatorv failure However it appears that this interpretation 
IS incorrect and that tlic poor filling of the v eins of the peripheral 
V eiQS IS merely a consequence of arteriolar constriction m the extrem 
dies rc/Icxly evoke<l by tiie diminished cardiac output This arte- 
riolar constriction subserves the compensatorv functions of mam 
taming the arterial pressure and deviating blood toward the more 
immediately vital organs (Chapter WKII) Ihe collapsed veins 
of the extremities mav be in striking contrist to the distended v eins 
of the neck (page 650) 

Penpher il edana is absent 

Tht liter IS not enlarged m patients with this clinical picture In 
mvocardijJ infarction upper abdominal pain tenderness and rigidity 
are not necessarily mdicativ e of hepatic engorgement but are often 
reflex manifestations of the cardiac lesion and perhaps sometimes 
correlated with jiericarditis Enlargement of the liver occurs only 
when the r^ght side of the heart has given way (page 459) The 
most common abdominal finding during tlie stage of shock is tvm 
panitcs whicli is often marked and troublesome 

Ohgnna is present and may attam anuria In severe cases, the 
result 13 often azotemia (page 623) 

The electrocardiographic findings are mentioned briefly on page 459 
excellent discussions have been given by Barnes* Wood and Wol 
ferth ” and Wilson •* For a description of the fever leukocytosis 
embolic phenomena pericarditis and otlier mamfestations the 
reader is referred to I>ev me** and Levy *• Here it may be pointed 
out that the fever is probably not merelv a manifestation of necrosis 
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of the heart muscle, the fact that the extremities feel relatively 
cool m companson to the rectal temperature indicates that the 
diminished blood flow through the skin fa\ors pjTexia through 
decreasing heat loss 

The duration of shock in mjocardial infarction is generally not 
long \Vithm a few hours to several dajs, the sjmptoms of shock 
start to clear up, and the patient either improves or the manifesta- 
tions of pulmonary and perhaps also sjstemic venous engorgement 
appear There are, however, exceptional cases in uhich the patient 
remains in a state of shock mtli grajish cjanosis clammy skin, 
cold extremities, and lo^ venous pressure for two weeks or more 
In some such cases that I have seen there have been electrocardio- 
graphic or anatomical evidences of extending necrosis of the 
heart muscle or fresh thrombosis Sometimes, the de\ elopment of 
bronchopneumonia seems responsible for the protraction of shock 

Pulmonary and Systemic Venous Congestion m Myocardial 
Infarction —Doubtless, mjocardial infarction sufficiently extensive 
to affect the dynamics of the left ventricle alwavs entails at least 
slight pulmonarv engorgement But we have just seen that m 
mam cases of rav ocaidial infarction with the clinical picture of shock 
the evidence of accumulation of blood in the lungs are m the back- 
ground and may be hardlj detectable I nder other circumstances 
on the contrarj, the shock is accorapimed b\ the consequences of 
pulmonarv and perhaps also systemic venous engorgement or the 
latter maj completelv predominate Thus m rare instances coro- 
narv thrombosis quickl) provesfatalasaresultof intense pulmonary 
engorgementwithfulmmantpulinomrv edema such cases are among 
those which the coroner encounters m seeking for the cause of sud- 
den death A common sequence of ev ents is that shock predomi- 
nates m the first daj s after the mvocardnl necrosis to be followed bj 
the development of pulmonan engorgement The symptoms of 
congestion of the lungs most often dommate the scene from the 
verv start when coronarj thrombosis occurs in an individual alreadv 
suffering from heart failure is i result of the underlying coronary 
arteriosclerosis or who his survived previous episodes of mfirction 
In 43 such patients Hitzig King and the v^nter“ found sjmptoms 
of pulmonary and systemic venous engorgement dominant in 32, 
while m the remainder shock was more prominent 

The symptoms of pulmonary engorgement due to coronary throm- 
bosis are the usual ones dyspnea, orthopnea, cough, hemoptysis, 
cyanosis, congestive rales, accentuation of tlie pulmonic second 
sound, slowing of the circulation tune, frequent complication by 
bemorrbagic infarction or bronchopneumonia, etc Addition of 
nght-sided failure is rev ealed by engorgement of the sy stemic v eins, 
swelling of the liver, and edema ^ema however is exceptional. 
It developed in only 5 of the 59 cases studied by hisbberg Hitzig 
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and King “ A special feature in many of tl)c cases is complication 
trnnsitoiy episodes of shock characterized by \\ eakness, sw eating, 
perhaps vertigo or sj iicoimj, pallor, and fall in bloo<i jjressure. 

Pletncw,** Kolinn and Budin,** and others thought that the> were 
able to infer the site of caron.iry tlirombosis from the tjpe of heart 
failure present They reported observations indicating that throm- 
bosis of the left coronary’ artery with anterior mfarction results in 
left ventricular failure with pulmonary engorgement and enlarge- 
ment of the heart to the left On the otlicr hand, they found that 
thrombosis of the right coronary artery' vvitli posterior infarction is 
characterizLHl by right heart failure with swelling of the veins and 
liver and enlargement of the heart to tiie right. Hitzig, King and 
the w ritcri’ did not find such dilTcrcntiation feasible. Our clinical 
and necropsy observations revealed that either anterior or posterior 
infarction can cause engorgement of the lungs alone or combined 
left and right ventricular failure And when shock dominates, the 
venous pressure is low in dthcr anterior or posterior infarction. 
Because of these observations, it does not seem to us that the type 
of circulatory failure present permits, 2>er ae, the differentiation 
between anterior and posterior infarction * How ev er, Libman^* has 

* It IS not surprising llist ibocsrUiiw iniulLaency of mjocarJnil infsietion slnsy* 
iDcliidcs led ventricular fsilurc. sni] tbst nebt heart failure occurs only in addition 
to the latter and not alone hor. as mentioned above, the infarction practically 
alaays implicates principally tbo left ventricle Intareiion of tho nght ventricle 
alone is so rare as to ronvtiiuU a curiosity (Dames* meotions as instance of infarc- 
tion confinevi to tho right ventricle and KanneH* ono limited to the nght auricle, 
but 1 have not cncountcrcil either > The t«o most lommon loealisationi of mossivo 
infarcts are the fullOMing (1) When the thromlxxiis is m the system of the left 
coronary artery, the infarct is most often situatevl in the anterior and apical portion 
and often extends far enough to tho right to implicate Ihe anterior third of the sep- 
tum and the adjacent anterior ami apical porlion of tbo right ventricle (“anterior 
infarction ) (2) if tho right coronary artery or its tributaries are occluded, the 
infarct is located in the territory of (be posterior and basal portion of the left ven- 
Inclo the posterior tno-thirds of tbo septum and tho adjacent posterior surface of 
the right ventricle and auricle ( posterior mfarction ) Much leas common is infarc- 
tion of Che lateral a all of the left ventricle due to occlusion of the left circumflex 
branch ( lateral infarction '} This description of the relation of the site of occlu- 
sion to the location of tho resulting infareiion has become classical, but is actually 
an D\er»in}p}i£ailioa \» is slipint with esperwi clarity by Ihe beautiful injection 
studies of UlUQigart*’ and his collaboralon muUipIo occlusions and narrowings of 
both coronary arteries arc most often concerned in the pathogenesis of mossivo 
infarction Their observations sliow that the portion of the left ventricle previously 
supplied by one coronary artery may be maintained in good nutntion by the devel- 
opment of collateral circulation from the other coronary In consenuence. infarction 
may &rst be precipitated by fre^ oeduamn of tbo coronary artery that does not 
normally supply tho infarcted arcs but which furnished the collator's Under such 
circunistanccs for example, fresh occlusion of tho nght coronary artery may pre- 
cipitate antenor infarction \nomBlous distribution of the coronaries and almost 
simullancouB multiple tbrombosee, neither of which is rare further complicate tho 
relation of the sites of occlusion and infarction 

As stated in tho text the findings on physical examination do not permit digcr- 
entiation of anterior and iiosterwr lafaicbon. apart from the unusual instances in 
which development of heart block indicaies poslcnor infarction (e/ Master, Deck 
and Jaffe'*) Pericardial infarction may be audible in posterior as well as antenor 
infarction Perforation of the septum esn uHially be recognised by the sudden 
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found that ’^hen the U\er becomes greatly enlarged within a few 
hours after the onset of mjoeardial infarction, the right coronary 
artery is the one affected. 

In those of the patients studied by Hitzig, King and the writer^^ 
in n horn severe right heart failure and high venous pressure developed 
after coronary thrombosis, and who then came to necropsy, exten- 
sive infarction of the interv’entricular septum was present. Such 
septal infarction may be part of cither anterior or posterior infarc- 
tion. It is conceiv able (but only a suggestion) that in such cases, 
in addition to the motor n eakness, herniation of the necrotic septum 
into the cavity of the right ventricle with resultant obstruction to 
diastolic filling is concerned in the production of the venous engorge- 
ment. \Miether the rapid development of high venous pressure fol- 
lowing coronary thrombosis is always indicativ e of septal infarction 
must be studied on larger material. However, it is to be reiterated 
that even with extensive septal infarction the venous pressure in 
mjocardial infarction is low if shock dominates the scene. 

Factors Influeocmg the Form of Left Tentriculat Failure in 
Myocardial Infarction.— The left ventricular failure of myocardial 

developaertV of a rough systolic murmur sad thtiU over the area of the right ven- 
tricle in a patient nitb coronoiy Ihromboeu, but such perforation may occur m 
either anterior or posterior lofarcttOD Hoaever, tbealudiesof Barnes and VV*hitton,* 
Parkinson and Bedford.** Pardee and Bell** Crasrford** et of . Wilson*’ a al , and 
Wolfertb*' et of have shown that electrocardiographic differentiation of the two is 
feasible in most instances (31 of 40 cases studi^ by Fisbberg. Ilitsig and Sing”) 

In antenor infarction, the itS-T segment is elevated above the isoelectric level in 
the first and often the second lends, and the subsequent inversion of the T wave 
with the frequently upwardly comes descending lunb (coronary T of Pardee,** 
cove plane 7 of Oppenheimer and Ilothscbild**) develops in these leads On the 
other band, in posterior infarction the RS-T interval is elevated above the base line 
in the third and perhaps also the second leads and the subsequent changes in the 
7 wa\e develop m these leads In anterior infarction a significantly large Q wave 
often develops in the first lead, id posterior infarction in the third lead (VVtlsoa*’ 
ct of ). From the studies of rcniscbel and Kugell,’* it would seem that the appear- 
ance of a largo Q wave in the third lead indicates that the lesion has mvolted the 
posterior portion of the septum Similarly, it is probable that the development of 
a largo Q wave in the first lead ftespeaks implicatioa of the antenor portion of the 
septum In the cases that 1 have had the opportunity to check at postmortem, these 
interpretations have held true 

The great value of electrocardiography with prccordial leads for the diagnosis of 
toyocsrdisl isSsrctioa has Jssea eiawn hy Wojferth sad hte essoeistes erg- 

nificance of the findings with precordial leads for the localisation of the infarct is also 
considerable In antenor infarction. Wood** and his co-w orLers found the following 
changes The initial positiv e defiection disappears or is markedly diminished in size, 
tbe RS-T interval is elevated, and the 7 wave becomes inverted and sometimes 
huge (over 13 mm] In posterior infarction, tho precordial lead may show little 
change In other instances, the RS-T interval is depressed, especially if tbe chest 
electrode is placed in tbe left anterior axillary hue. and there may be stunting or even 
disappearance of the initial positive deflection There may be a huge upngbt 7 
wav e It would seem likely that future investigation will reveal multiple precordial 
electrocardiography as tbe most accurate means for localising myocardial infarction 

Wood, W'olferth and Bellet” have found that infarction of tbe lateral wall of the 
left ventricle is characterized by depression of tbe RS-T interval la the precordial 
lead and often also in the first and second leads without characteristic changes in 
the third lead 
25) 
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infarction is manifested on one side bj pulmonary engorgement and 
on the other bj decreased cardiac output with resultant shock 
But the relatne importance of these two groups of sjmptoras varies 
greatly in individual cases. Jn some patients the svmptoras of 
shock arc so inucli in the ascendant tliat the picture differs little 
from tint of traumatic shock In other cases the manifestation of 
pulmonsrj and perhaps systemic venous eiigorgtincnt dominate the 
svinptonntology so completed that it is all but identical with that 
of decompensation due to vaKoilar disease In Harrisons tenm- 
nologj in tilt out patient forward failure predoniinatts m the other 
backward failure is in the ascendant in still others tliev are com 
mingled in \ arious degrees and sequences With regard to tlie patho- 
genesis of these differences the following facts seem pertinent 

1 The almost pure picture of sliock is encountered most often 
w hen major mv ncardial infarction occurs m an individual w ho had no 
previous heart failure altliough he maj have suffered from angina 
pectoris 

2 Ihe symptoms of pulmonary ami ptrlnps sj&tcmic venous 
congestion iisinlh predominate when myocardial infarction afflicts 
an individual who already had heart failure as a result of coronary 
bclcrosis and often also hvpcrtension 

3 I’rcciscly the same eimical picture of sliock is encountered 
in otlier forms of heart failure of abrupt onset m individuals who 
previouslv had little or no cardiac msiifficicncy Examples arc 
acute nglit heart failure due to pulmonary embolism some cases m 
which the onset of auricular fibrillation or other disturbance in 
rliv thill abruptly cuts down the cardiac output rapid tamponade of 
the heart by heinopcncaithum or purulent pericarditis and obstruc 
tioii of the stenotic mitral valve by a ball valve tlirombus 

I C omparison of the circulating blood volume m the coses with 
the picture of shock and those in which passive congestion of the 
lungs and perhaps also of the systemic veins predominates dis 
closes an interesting diJfcrtncc In cases of myocardial infarction 
with the clinical picture of shock occurring m patients who had not 
previously had heart failure 1 ishberg Hitrig and lung^* foun 1 the 
blood volume not increased, indcctl it was most often toward the 
lower limit of normal and rose os the symptoms of shock unproved 
On tlie contrary when myocanhal infarction resulted in the symp 
tomatology of pulmonary engorgement the blood volume was 
definitely increased Such elevation of blood volume was also 
found when myocardial infarction occurred in patients with pre 
vious heart failure or hypertension even though the infarction 
resulted m shock 

\ plausible working In pothesis to correlate these findings mav be 
suggested along the followmg Imes In protracted heart failure 
the circulatmg blood volume is mcreased, the increase subserving 
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a compensaton function m tending to maintain the cardiac output 
at a level less depressed than would otherwise be the case Appar- 
ently, this increase in blood volume takes a significant tune to 
develop, for when heart failure is induced suddenly by myocardial 
infarction, the blood volume is not augmented This has the 
effect, on the one hand, of not causing as much pulmonary engorge- 
ment as m equally severe left ventricular failure of gradual onset, 
but, on the other hand, of producing a more pronounced drop in 
cardiac output The result is that the symptomatology is predom- 
inantly that due to decreased cardiac output, i e , shock, or what 
Harrison terms forward failure Quite the opposite obtains when 
myocardial infarction occurs m a patient who previously had heart 
failure of more or less pronounced degree and duration Here, the 
blood volume is mcreased, with the result that pulmonary and some- 
times also systemic venous engorgement plays a more prominent 
part and decreased cardiac output is less significant 

The thought naturally comes to mind that liberation of histamme- 
hke substances from the mfarcted heart muscle may be concerned 
in the production of shock m myocardial infarction However, 
against this conception speak the frequent appearance of shock at 
the very onset of the infarction and the failure of Fishberg, Hitzig 
and King^^ to find concentration of the blood A factor that may be 
concern^, but is as yet hypothetical, is relaxation of small vessels 
due to nervous refiexes from the heart 
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CHAPTER XXVI 


HEART FAILURE INITIATED BY INSUmCIENCY OE 
THE LEFT SIDE OE THE HEART IH AORTIC 
VALVULAR LESIONS 

AORTIC REGURGITATION 

Aortic insufficiency strains the left ventricle and may thus result 
m classical left \entricular failure Dynamically significant leaks 
are almost always due to rheumatic valvulitis or to implication of 
the aortic valve m syphilitic aortitis Atherosclerotic changes in 
the aortic ring and cusps often produce a regurgitant murmur, but 
quantitatively significant leaks are rare Other forms of regurgi- 
tation are discussed on page 473 

Pathological Anatomy —Rheumatic Aortic Regurgitation —In rheu- 
matic infection, the aortic valve is implicated with a frequency 
second only to that of the mitral valve Histological studies have 
shown that the process starts as a tahuhtis within the substance of 
the cusps, the superficial vemicie for which one looks at the post- 
mortem table as e\ idence of fresh rheumatic activ ity are secondary 
developments which may not be present even though the micro 
scope reveals definite endovalvular lesions According to Klmge,*'’ 
the earliest histological findings consist in foci of fibrinoid change 
betw een the collagenous fibers of connectiv e tissue of the cusp He 
states that at first the collagen fibers are unaffected but extensive 
studies by Dr Louis Gross*® indicate tliat collagen necrosis may 
occur at a very early stage Soon there is cellular reaction with 
proliferation of fixed connective tissue elements and infiltration of 
wandering cells Granulomata develop which are cytologically 
akm to the Aschoff bodies of the myocardium (page 340) Rarely, 
there is diffuse cellular infiltration of the cusps Ov er the v alv ulitis, 
but sciectu dy and usually first at the chsuce fine of the cusp, the 
minute elevations known as vemicae develop These have gen- 
erally been considered as formed from blood elements by throm- 
bosis and the term thrombo-endocarditis often applied to rheu- 
matic endocarditis However Gross*® has shown tliat this is not 
always the case, his findings indicate that the verruca are more 
often localized swellings of the subendothelial tissue which is the 
site of the inflammatory lesions just described That mechamcal 
factors play a significant accessory role m the pathogenesis of the 
verruca is shown by their elective localization along the line of 
closure of tlie cusps Rheumatic vernic'e are so small that, per se, 
they arc insignificant in the production of regurgitation 

( 463 ) 
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It 13 not known how often and to what extent resorption of sucli 
lesions occurs But when this docs not take phtc the granuloma 
tous stage of rheumatic valvulitis is follow ed hy organization and 
scar formation i process tliat miy be rcpcatw] witli suctes-sive 
bouts of rheumatic uctivitv The cusps become thickened espe- 
ciall> at the free edges and more rigid As the scar tissue shrinks 
the cusps are retriclc-d ind their free edges rolled in fhe result 
of these changes is defective coiptation of the cusps and rcgurgita 
tion the rigidity also produces obstruction i he neighboring wJges 
of the cusps often become fused witli resultant further stenosis 
which becomes still more marked as the scir tissue shrinks With 
the passage of j e irs secondary changes m tlie starred v ah t notably 
athcromato IS and cUctlKation miy develop Great masses of 
calcium silts nuv be dtposited in the cusps and especialK the 
Mike ring anil constitute Uie most important anatomical sub 
str itum of many cases of lortic stenosis in middle life The lumen 
may be reduaxl to mmutc dmiensions m this event regurgitation 
IS of course insignificant even though the cusps ire compictelv 
immobile 

Investigations bv \ou GIdin and Bappetiheimcr^^ Iiive shown 
that m a liigti proportion of the eases tliere arc rheumatic lesions 
of the aorta of tlie same instohgicd tvpe is those m Uie valvciand 
myocirdium iliese m i\ be so extensive is to lead to macroscopic 
ch ii ges in the aorta I h ive known such a case to be mistaken for 
syphilitic lortitis at the iiostmorteni table Jkcent investigations 
hive shown that not onh the aorta ind pulmonarv irterv (page 
519) are imphcatwl m Uic rheum itic state but there m iv be wjde- 
spreul involvement of tlic vessels in different parts if the body 

\\ ith loiig-contmueil regurgitation there often dev clops a tluck 
emng of the endocardium of tJie left ventricle in the vicinitv of tlie 
aortic valve csptcinllv along the interventricular septum Often 
there also form in this area crescentic thickemnga of tlie endo 
cardium or pocket like fonnations with the concavitv toward the 
aortic V live Ihe location and form of these cliungea indicate that 
the mechanical e/fc’Cts of the regurgitant stream are loncerned m 
their production but it is probab/e that these effects ire everted 
on an endocardium which is the site of chronic inflammation and 
therefore more apt to be distorted bv the pressure 

The changes in tlie chambers of the heart resulting from aortic 
regurgitation are discussed bdow 

Syphilitic Aortic BeguigitatioB —Tins valvular defect is a result 
of syphilitic aortitis from which it evolves m the following fashion 
(for details the reader is referred to the investigations of hfartland” 
and of Saplur and Scott**) 

The first lesions of syphilitic aortitis consist m obliterating arter- 
itis w ith periv ascular round cdl infiltration of the v asa v asorum in 
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the ad\ entitia at the root of the aorta, a region in w hich these small 
vessels are especially numerous The perivascular lesions extend 
into the media and the closure of the vessels leads to secondary 
nutritional changes in the media, the elastic tissue of which is 
extensiv ely destroy ed The resulting scar formation m tlie media 
produces the characteristic wrinkled and puckered appearance of 
the inner surface of the aorta The lesions appear through the 
intima as white or grav patches, which become confluent The 
destruction of the medial dastic fibers results in diminution m the 
elasticity of the aorta, whicli is generally diffusely dilated, actual 
aneurysm developed in 16 of Saphir and Scott’s 107 cases of syph- 
ilitic aortitis Syphilitic changes are usually best marked in the 
first part of the aorta, from a short distance above the aortic ring 
to the origin of the great vessels The remainder of the thoracic 
aorta may also be mvolv ed, but extensive implication of the abdom- 
inal aorta is rare The distribution of sy philis m the aorta is thus 
the rev erse of that of arteriosclerosis, a difference tliat usually comes 
out clearly in the roentgen pictures However in elderly subjects 
syphilitic aortitis is frequently complicated by atherosclerosis of 
the aorta, atheroma, atheromatous ulcers, and calcification are to 
be attributed to the latter and not to lues 

The syphilitic process extends from the aorta to the aortic valve 
Tia the commissures between the cusps ^Vhlte or gray, flat, ele- 
V ated patches extend between the cusps, the lateral margins of which 
next become implicated The result is a widening of the com- 
missures (up to 1 cm , Martland), which is regarded by Saphir and 
Scott and Martland as the earliest and macroscopically most 
characteristic evidence of syphilitic disease of the aortic valve It 
is also this separation of the aortic cusps which is responsible for the 
initiation of aortic regurgitation In some cases, the commissural 
lesion IS the only one found, but more often there is added thicken- 
ing and rolling of the central portion of the free edge of the cusp 
with retraction, which of course accentuates the regurgitation 
greatly Dilatation of the aortic ring was also present in 26 of 
Saphir and Scott’s 107 cases 

Syphifitic disease of the aortic vafve, as just described, produces 
regurgitation, but not stenosis of sufficient degree to impede the 
circulation 

A most important complication of syphilitic aortitis is narrowing 
or e\ en complete obliteration of the mouths of the coronary arteries 
This occurr^ in 33 per cent of Saphir and Scott’s patients and was 
the cause of death in about 15 per cent of Martland’s cases, most 
of the latter group showing little or no aortic regurgitation The 
syphilitic process rarelv extends bevond the mouths of the coro- 
naries, changes along die mouths of the vessels being arteriosclerotic 
in nature Martland points out that the coronaries are especially 
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apt to be wivoKetl when they open anomalously into the aorta 
above the sinuses of Valsalva, tlie reason for this is that the sinuses 
are rclativ clj sp ircd by the syphilitic process On rare occasions, 
5>philitic nirrowiiig of the toroiury ostia leads to mjocardial 
infarction even though dissection of tJic coroiiarj trunks reveals 
little change 

Syphditic Myocarditis — Tlie question of the frequency of siwcific sypli- 
ihtic disease of tlie myocardium— syphilitic mvocarditis— and of its signifi- 
cance lu the production of heart failure and sudden death was brouglit 
to the fore by the extensive •-ludics of Warthm *’ Prior to Ins work, specific 
implication of the myocardium m acquired syphilis was considered a rarity 
and recognizable only by tlie presence of gumniata or specific syphilitic 
granulation tissue m the ni>o«irdiuin Warthm claimed however, that 
by the use of appropriate staining methods he could demonstrate the 
presence of the Spirnclixla pallida id numerous cases of heart failure and 
individuals who died suddenly without being aware that they had cardiac 
disease Warthm stated that the spirochetes lead to progressive fibrosis of 
the heart muscle with dilatation and hypertrophy, but that Uicy may also 
be found m large numbers without surrounding reaction However, sub- 
sequent investigators have almost mvanably failed to confirm Wartbm’s 
findings and mterpreUtions Tlioro is no evidence that the histological 
changes described hy Warthm ate of specific syphibtic causation, most 
of them arc probably due to ischemia resulting from the narrowing of 
the coronary mouths by 8>phihtic aortitis or from arteriosclerosis along 
the cou]>o of the coronary vessels Nor have otiicr investigators using 
Worthm’s and otiicr technics found sptroclictes ui t)ie heart muscle m 
other than congenital lues and it seems possible tliat he was deceived by 
artefacts Tlie subject is covered id detail in the review of Saphir,*' who 
shows photographs of such artefacts It would thus seem that there is 
no evidence justifying the incninination of specific syphilitic myocarditis 
as a cause of heart failure id syphilitic aortitis 

Artenosclerotic Aortic Begurgitatios — l^xteiisivc arteriascJcrosis of 
the aorta is almost always accompanied by arteriosclerotic lesions 
of the aortic valve There are atheromatous clnnges in the cusps, 
predomimntlv on the side f icing the sinuses of Valsalva and often 
also fibrotic thickening of tlie valve ring md the cusps Calcareous 
deposition in the ring and the base of tiic cusps is also frequent 
Not uncommonJv , irtenosclerotic dilatation of tlie aorta is accom- 
psni<x} by dilatation of thejortic riafj (so-ctHed JloOgiOn's disease) 
These lesions may result in a diastolic murmur, but rarely, if ever, 
m dynamically significant regurgitation On the basis of protracted 
studies, Anitschkow* has concluded tliat "Pure atherosclerosis 
. leads neither to the development of cicatricial tissue, nor 
deformation and uJceratioa of the vahes and, tlierefore, has ho 
great independent importance in tlie origin of cardiac valvular 
defects,” and that “the so-called atherosclerotic defects of the lieart 
valves have as their basis only the atheromatous transformation of 
the cicatricial tissue of the valves left as a result of endocarditis ” 
Sucli atheromatous and calcific changes m valves which are the 
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seat of old rheumatic disease are very common, it \\ouId appear 
that this IS the pathogenesis of most cases of calcific aortic stenosis 
(page 481) 

Pathological Physiology.— The Volume of Reflux —The aortic leak 
may be so small that the resulting alterations in the circulation are 
insignificant, the valvular defect can then be detected only by the 
diastolic murmur, which ma^ be loud despite minimal insufficiency 
All gradations occur between such small leaks and those m which 
regurgitation is almost as free as if the aortic valve were absent 
Under these ciicumstances, the dynamves of the circvilalvon are 
profoundly altered, an alteration which is spectacularly manifested 
by the Corrigan pulse and its accompaniments 

On the basis of experimental investigations by Stewart^* and 
Wiggers,®* It was widely accepted for a time that even m cases with 
the tjpical Corrigan pulse, the volume of reflux during each diastole 
IS small — of tlie order of 10 per cent or less of the sjstolic output 
However, studies by MacCallum** and others showed that the 
regurgitation maj be much greater The more recent careful 
experiments of Wiggers®* reveal an average diastolic reflux of about 
36 per cent of the systolic discharge, and tlie regurgitation may 
exceed 60 per cent Since the aortic defects encountered m human 
necropsies are often quite as large as those produced experimentally, 
there is every reason to believe that the volume of reflux in clinical 
aortitic disease is of the same order os in these animal experiments 
In free regurgitation, the reflux is readily visualized m the fluoro- 
scope, for the excursions of the borders of the left ventricle are preter- 
naturally great Wiggers and Maltbj ** found that while the regur- 
gitation m small leaks is well distributed through diastole, with 
large defects the reflex occurs almost entirely early in diastole, 
68 per cent of the regurgitating blood re-entering the ventricle 
before the opening of the aunculo-ventncular valves 

The Effect of Aortic Regurgitation on the Heart —The work of the 
left ventricle is appioxiinately the product of its systolic discharge 
and the average pressure in the aorta during the period of ejection 
In aortic regurgitation, the systolic discliarge is increased by the 
volume oi re&ux, which vvehave just seen may he very great The 
average pressure in the aorta is usually little changed, for the low 
minimal pressure is almost or quite counterbalanced by elevation 
m maximal pressure A pnon, therefore, one would anticipate that 
the work of the left ventricle is increased by an aortic leak This 
expectation is confirmed by the occurrence of dilatation and hyper- 
trophy of the left ventricle m both experimental and clinical aortic 
regurgitation m the absence of evidence of disease of tlie my ocardmm 

The development of dilatation and hypertrophy m aortic regurgi- 
tation has been studied experimentally on many occasions since 
llosenbacli®* damaged the aortic valve and followed the evolution 
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of cardiac hj^pertropliy All observers are agreed that, following 
the production of an aortic leak, tlie left ventricle gradually hyper- 
trophies In the dog, Stewart** observed hypertrophy within a 
week of tlic injury to the aortic cusps, although Herrmann^ could 
not demonstrate it in less than nineteen days In Herrmann’s 
dogs, tlie hjiiertrophy reached a maximum in an average of one 
hundred and ten daj s 

Theoretically, one would anticipate dilatation of the left ventricle 
quickly after the production of experimental aortic incompetence 
However, attempts to demonstrate this by roentgenographic 
observation have encountered some diflicultj One of the causes 
of this diffieulty is an acceleration in rate, which was found by 
Bazett and Sands* m most of their animals, and whidi must tend 
to dimmish the size of the cardiac silhouette Bazett and Sands 
found that the heart shadow of mo:>t of their animals was decreased 
m sue during the first week after the production of aortic regurgi 
tation On the other hand, H>stcr, ^icek and Hodges** were able 
to demonstrate an initial stage of cardiac dilatation in most of their 
dogs with aortic incompetence 'llic> found that during this stage 
of dilatation preceding the development of h>pertrophy, tlie func- 
tional capacity of the heart is diminished Itomberg and Hasen- 
fold** had previously found tliat after hjpertropbj develops, the 
functional capacity of the heart is approximately normal, demon- 
strating tlie compensatory function of the hjpertroph> 

In clinical aortic regurgitation, the degree of dilatation and 
hypertrophy varies widciy, btmg gov'erned not only by the size 
and duration of the leak, but doubtless also by tlie age of the indi- 
vidual, tile state of the myocardium the prt'sence of other valvular 
lesions, and other factors Even with well-marked regurgitation, 
as demonstrated by tlic Comgaa pulse, fluoroscopic examination 
may reveal little enlargement of the heart, the transverse diameter 
13 within normal limits and the enlargement is revealed only by 
downward elongation of the left ventricle Should tlie patient 
succumb during tins stage of practically perfect compensation— as 
a result of intcrcurreut disease, subacute bacterial endocarditis, etc 
—the difatation and hypertrophy may he conflntHi a/raost enfire/y 
to the outflow tract of the left ventricle, the inflow tract being little 
atfecte*d, and the other chambers neither hypertrophied nor dilated 
Such relatively slight hypertrophy and dilatation may be found 
even though the aortie IciJk is known to have been present for years 
In these cases it is to be presumed that despite the increased dias- 
tolic filling of the left ventricle— which is filled from both the left 
auricle and the aorta- the chamber must empty practically as well 
as m health by means of an incr«ised diastolic-sy stolic excursion 
Actually fluoroscopic observation reveals an increase m the ampli- 
tude of the excursion of the border of the left ventncle Further 
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study 13 needed to prove that m such cases the volume of blood 
entering the left ventricle from the, auricle is not cut down as a 
result of the competing filling of the ventricle from the aorta But 
against this assumption are the facts that there is no evidence of 
pulmonary engorgement and that the capacity for exercise of such 
patients may be practically normal 
Regarding the mode of contraction of the left ventricle m aortic 
regurgitation, Katz and Fed*’ found that the period of isometric 
contraction is shortened, which they attributed to an increased rate 
of contraction as well as to the low diastolic pressure m the aorta 
They also found that the ejection phase is lengthened, so that the 
duration of systole is about normal The long ejection phase 
harmonizes with the large stroke volume 
Sooner or later, m the \ ast majority of instances of aortic regurgi- 
tation, the left ventricle, and then the other chambers of the heart, 
becomes greatly enlarged as a result of dilatation and hypertrophy 
This will be considered in the next sections 

The Effects of Aortic Regurfitation on the Peripheral Circulation — 
These are more spectacular than those of any other valvular lesion 
in the compensated stage, and include the following 
1 The Corngan Puhe and Large Puhe Pressure —The charac- 
teristic Corrigan pulse of aortic regurgitation rises abruptly and 
amply, seeming to bound against the palpating finger with a jerk, 
features which base led to its other names of pulsus celer and 
water-hammer pulse The fall of the pulse is likewise abrupt and 
deep, whence the term collapsing pulse These characteristics of 
the radial pulse are accentuated when the wrist is held high in the 
air Often, the abnormal emptiness of the radial and other large 
arteries is evident on palpation The wide and rapid excursions of 
the pulse may be prominent in the small arteries, and lead to such 
phenomena as shakmg of the head synchronous witli the heart 
beat (sign of De Alusset, after the great poet, who presented the 
phenomenon) or arterial pulsation of the uvula or h\ er 
Corresponding to the palpatory characteristics of the pulse is a 
farge pufse pressure, due not on/y to fow diaso/ic tension, but most 
often also to correspondmg elevation m systolic pressure Indeed 
the diastolic pressure may be so low that it cannot be estimated 
by the auscultatory method, a clear sound being heard when the 
cuff IS deflated Exceptionally, the systolic pressure exceeds 
200 mm of mercury The wide excursions of the blood pressure 
increase the wear and tear on the arteries, which become pre- 
maturely sclerotic and tortuous, they may also present well marked 
muscular hypertrophy of the media Fluoroscopic examination 
often reveals dilatation and increased amplitude of pulsation of 
the aorta For a considerable period, the dilatation is merely 
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djnaimc the result of the larger \olunie of blood thrown into 
the aorta with ticli s> stoic and is tJicn not evident it necropsy 

The prime cause of the low diastolic pressure is regurgitation into 
the left ventricle which wc have seen may exceed 50 per cent of 
the aytolic output of the cliauibcr T.hc peripheral vaMxlilatation 
present in many cases (page 470) maj also participate m the depres- 
sion of the diastolic pressure Ihc rise m systolic pressure is a 
manifestation of the eompensatorj reaction of tlie left ventricle 
winch discharges into the aorta widi c icli systole a volume of blood 
equal to tlie stroke v olume of the right \ entricle plus the \ olume 
of blood regurgitated Ihc result is i correspondingly greiter 
systolic distcntn n of the large irtenes witli rise in systolic pressure 
Moreover the systolic filling of the irtenes occurs vvitli great 
rapidity ind tlius produces the pulsus ecler because of the empty 
state of tliese v e&sels at the ciul of diastole 

Ihc large pulse w ive and pulse pressure result m certain well 
known auscultatory findings— pistol shot sound ind svstolie-ihas- 
tohe murmur— over the Urge arteries These signs need not be 
discussed here they arc merely nccompiiiimcnts of the large pulse 
pressure and have lost their former diagnostic significance since 
the introduction of tiie sphvgmomanomctcr furnished a more 
reliable mcthoil of demonstrating large pulse prts^u^c 

2 Jietersal <f the trtenal Blood 'Stream in Dmtolc —By optical 
registration of the volume pulses Hewlett and Van /waluwenberg*‘ 
showed tint in aortic regurgitation there may be a reversal during 
each cardiac evcle m the direction of blood flow m the arteries of 
tlie arm w ith a diastolic back flow tow anl the licart hen a 
diastolic murmur is audible over the arteries in aortic regurgitation 
(Duroziezs sign) it is evidently correlated with the mechanism 
inducing this back flow for Blumgart uid Lrnstene’ found that it 
IS accentuated by compression of the hnib distal to the site of 
auscult ition 

J The Capillary Pulse — Alternate flushing and blanching of the 
skin with cich cai^iictytle is often present in free aortic regurgita 
tion I he capiilirv pulse may be elicited by pressing the distal 
edge of the finger nail or gently apply ing a glass slide to the hp and 
observing the margin of the blanched part Or it may become 
prominent when the lobe of the ear or tlie finger tip is transillumi 
nated with a fl ishligiit Lewi^ has shown that capillary pulsation 
13 primarily a result of arteriolar dilatation and c in be elicited in 
healtliy persons by any maneuver such as warming which dilates 
the arterioles 1 or tins reason Lewis points out the phenomenon 
loses Its significance when brought out by such devices, as warming 
or rubbing the skin In aortic regurgitation the great oscillations 
m the fillmg of the irtenes presumabh abet arteriolar dilatation m 
the production of capillary pulsation According to Boas * clinical 
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“capillary” pulsation is due not so much to the alternation in the 
filling of the capillaries as to empj ting and filling of the subpapillary 
arterioles and \enules ^^hlch are the primarj determinants of the 
color of the skin In rare instances of aortic insufficiency , pulsation 
can be seen in the ^ eins on the back of the hand 
That arteriolar dilatation is present m all instances of aortic 
regurgitation is not proved Many patients with aortic incompe- 
tence have a flushed and warm skin— they look “healthy”— and 
it IS to be presumed that their arterioles are dilated Lewis points 
out that it IS especially where the skin is flushed that capillary 
pulsation IS present But there arc also some individuals with 
aortic regurgitation, especially when due to syphilis, who are 
strikingly pale and in whom, despite high pulse pressure, capillary 
pulsation cannot be demonstrated without the above mentioned 
artifices, which render the phenomenon meaningless In these pale 
subjects, there seems to be no evidence of arteriolar dilatation, 
indeed, cutaneous vasoconstriction would seem more probable, a 
conception which is supported by the relatively cool skm Lewis 
states that pallor in aortic regurgitation, long described by clini- 
cians as typical, is due to subacute bacterial endocarditis or active 
rheumatic infection But I have repeatedly seen such pallor— in 
striking contrast to the usual appearance of the patient with mitral 
stenosis— in the absence of these conditions or of anemia The 
pallor may accompany the onset of left ventricular failure, and is 
then probably a manifestation of constriction of the superficial 
vessels evoked by the small volume of circulation due to the leak 
The mechanism of arteriolar dilatation in aortic incompetence, 
when It IS present, is not clear Perhaps it is a reflex result of 
mechanical stimulation of the receptors in the carotid sinus and 
aorta by the large volume of blood thrown abruptly into the aorta 
with each systole ^Vhether the patient is flushed or pale would, 
according to this conception, depend on whether this factor or 
vasoconstriction evoked bv heart failure is predominant 
4 Eleiaiion of the Systolic Pressure m the Lower Extremities — 
Hill and Rowlands** found that m free aortic regurgitation the 
s}sto}ic pressure in the loaer extremities is much higher than in 
the arms, the difference mav exceed 100 mm of mercury The 
phenomenon is known as Hill's sign There is much less, or no, 
difference m the diastolic pressure in the upper and lower extremi- 
ties Hill’s sign 13 an exaggeration of a physiological phenomenon, 
for the sj stolic pressure is often a httle higher in the low er extremi- 
ties than in the upper, and Huerthle's** direct measurements in 
tlie dog revealed a higher systolic tension m the femoral than 
in the branchial artery The cause of the remarkable increment in 
the femoral systolic pressure in free aortic regurgitation has not 
been unequivocally elucidated Hill and Rowlands attributed it 
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to constriction of the artenes of tlie louer extremity to assure the 
blood supplj to the brain In a thoughtful study, Gladstone'* has 
advanced a dynamic explanation of Hill s sign He points out that 
since the arteries to the upper extremitj leave the aorta at a right 
angle the blood pressure measured in the upper extremity com 
prises onlv the lateral pressure in the aorta and docs not include the 
velocity head m tJie aorta On the other hand the arteries to the 
low er extremities are more nearly direct continuations of the aorta, 
so tint tlie femoral blood pressure comprises the lateral pressure 
plus a large part of the velocity head m the aorta In aortic regurgi 
tation the systolic \eioat} of blootl floiv is greatly accelerated 
with consequent increase in the velocity factor of the aortic blood 
pressure which receives expression in the femoral but not in the 
brachial blood pressure 

CompensatioQ and CecompeosatioQ in Aortic RegwgitatioD —Aortic 
leaks mil befulh compensated for manj jears This is especially 
apt to be the case when the aortic incompetence has resulted from 
a non recurrent bout of Tkamattc fercr early m life which has 
entailed little residual damige to the mjocardium and left in its 
wake 1 regurgitation too small to be documented bv notable increase 
in pulse pressure Notwithstanding the presence of a long diastolic 
murmur such mdividuaUmay be capable of hard work or participa- 
tion in itliletics and live to i ripe old age In the cases m which 
high pulse pressure testifies to voluminous regurgitation compensa- 
tion 13 rare!} so faultless but mav nevertheless be compatible witli 
a number of >ears of tolerable actuitv Most often dccompen 
sation IS the result of rt current or continued ictiv itv of the rheumatic 
infection (page 340) Tlie damage to tlie myocardium bv the infcc 
tion IS doubtless most often the principal cause of the heart failure 
Cut the mechanical factor of progressive deformity of the aortic 
\ alve due to protratteil or recurrent infection is also of significance 
for the increasing regurgitation or superadded stenosis adds to 
the work of die left ventricle Of course complicatmg valvular 
lesions mav also be concerned in Uie genesis of the circulatory 
failure In those cises of aortic insufficiency which survive to 
middle or old age ultimate failure may not be attributable to 
rcactu ation of the rheumatic infection but to die other and often 
obscure causes of f ulure of the hypertrophic heart (page 334) 

When die leak is a manifestation of syphhtic aortitis the period 
of compensation is usually much shorter measured from the tune 
the murmur is first noted than m the above mentioned instances 
of aortic regurgitation due to a single attack of rheumatic fever 
In 107 autopsy cases of syphilitic aortic insufficiency studied by 
Scott “ SIX years w as the longest period of compensation However 
Scott observed another patient with syphilitic aortic insufficiency 
m whom the leak was present for at least eighteen years prior to 
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death I sa.\\ a man nho had had compensated luetic regurgitation 
for more than ten j ears WTien a diastolic murmur indicates that 
aortic incompetence has complicated tabes dorsalis, symptoms of 
heart failure ma\ not appear for man> jears, if at all, probably 
largelj because of the enforced inactiv it> of the patient In the heart 
failure of sj^philitic aortitis, it is often difficult to evaluate the patho- 
genetic significance of the aortic leak and the narrowing of the 
mouths of the coronarj artenes (page 465) The question of specific 
mjocardial invoUement with luetic myocarditis has been discussed 
on page 466 

In arienosclerotic aortic leaks, the regurgitation is of little sig- 
nificance m the clinical picture, which is conditioned by the asso- 
ciated arteriosclerosis with or without hypertension 
^Vhen acute bacterial endocarditis causes aortic incompetence, the 
leak produces little or no derangement of the circulation 

Subacute bacterial endocarditis, as pointed out by Libman,** 
generallv de\elops in well-compensat^ valvular lesions Alost 
often, the development of the vegetations has little effect on the 
dynamics of the circulation In other cases, the murmur becomes 
louder and an increase in pulse pressure indicates that the regurgita- 
tion IS augmented, but Libman has shown that heart failure is 
rare until the terminal stages, if it occurs at all 
Functional aortic regurgitation (page 404) apparently is not volu- 
minous enough to affect significantly the dynamics of tlie circulation 
In the rare traimahc aortic regurgitation due to rupture or avul- 
sion of one or more cusps, usually previously more or less diseased, 
there may he fulminant left ventricular failure with a fatal issue 
Other cases remain well compensated for years, Balfour* mentions 
one of twenty years’ duration 

Climcal Picture of Compensated Aortic Regurgitation —In well- 
compensated aortic incompetence, as already mentioned there may 
be little enlargement of the heart for years, or solely elongation of 
the left ventricle that can only be discerned fluoroscopically But 
there are also cases in which compensation is fairly good w ith con- 
siderable dilatation of the left ventricle, although this state of 
affairs lardy lasts more than two or three years The heart rate 
1 $ most often normal, but is sometimes very labile with marked 
acceleration on slight exertion or excitement This lability of the 
heart rate may not be accompanied by other evidences of heart 
failure, although there are often indications of vasomotor instability 
in the form of easily induced flushing, sweating, or faintness The 
electrocardiogram shows left axis deviation There may also be 
inversion of the T wave in the first lead, but this usually portends 
left V entricular failure m the not distant future (page 436) The 
circulation time and v enous pressure are normal 
Durmg this period of compensation m aortic mcompetence. 
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subjective sjmptonis may be entirely absent and the patient is 
surprised when told he haa a murmur 

On the other hand, there are also many cases of aortic regurgita- 
tion with little evidence of heart failure, dyspnea appearing only 
after considerable avcrtion, m whom symptoms are present which 
arc torrclatcxl with the hypertrophy and forcible action of the left 
ventricle Of tlicse, perhaps the most common are consciousness 
of the heart’s action, occurring even when the heart rate is normal, 
and throbbing m the head or neck, which is apt to be especially 
annoy ing when in bed 

J\Iuch more important is cardiac paui While pain is much more 
frequent in the syphilitic eases, it is more common m rheumatic 
aortic regurgitation than m any otlier rheumatic valvular lesion 

In syphilitic aortitis witli or without aortic regurgitation, thoracic 
pain IS often an initiail symptom and may long dominate the chntcal 
picture In a general way, two varieties of pain are encountered 
m syphilitic aortitis 

(a) Ilctromanubrial pam, dcscrilicd as dull, aching, burning, or 
constrictive, wttli or witfiout aiatioo to exercise, paroxysmal or 
constant, without radiation or extending mto the back This 
rctroinanubnal pain is in some way connected with the aortitis 
IJCT se, for It mnv occur m the absence of aortic regurgitation or 
narrowing of the orifices of tiie coronarv arteries The patho- 
genesis 13 not clear, it has been attributed, without proof, to impli- 
cation of the nerves in the adventitia of the aorta in the periaortitis 
tliat 13 present in syphilitic aortitis Pressure on surrounding 
structures by the dilated aorta may also be concerned 

(h) Prccordial pain with characteristics and radiations identical 
witli tliosc of the angina pectoris of coronary arteriosclerosis It 
would seem that, m many casts at least, such syphilitic angina 
pectoris IS due to narrowing of the mouths of the coronary arteries 
liy the aortitis, Scott states that narrowing of the coronary orifices 
is almost always found wlicn iwin is present m syphilitic aortitis 
Not rarely, syphilitic aortitis is complicated in elderly persons by 
arteriosclerosis along the course of tiie coronary arteries This may , 
of course, produce anginal pain When coronary thrombosis occurs 
in syphilitic aortitis, it is probablv due to such complicating arterio- 
sclerosis 111 other eases of syphilitic aortic regurgitation, pre- 
cordial pam may be due to the mechanism discussed below in con- 
nection with the cardiac pam of rheumatic aortic leaks 

The cardiac pain of rheumatic aortic regurgitation ranges from 
a dull ache m cardiac region to agomzmg thoracic constriction 
with radiation down the left arm or both arms All the varieties 
of discomfort and radiations of pain encountered m coronary 
arteriosclerosis also occur in aortic insufficiency Tear of death 
may be present and the excitmg factors tliat operate m coronary 
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arteriosclerosis may also bnng on the paroxjsm which is asso- 
ciated with an aortic leak The pain may be accompanied by 
profuse sweating It has seemed to me that se\ere anginal attacks 
are more apt to occur m those patients with aortic regurgitation 
who are pale than m those who are flushed I have also the impres- 
sion that major anginal attacks in aortic regurgitation are more 
apt to supervene when the sufferer is at rest than be induced by 
exertion or excitement In fact, I recently saw a man, aged twentj- 
three years, with rheumatic aortic regurgitation who repeatedly 
obtained relief from attacks of angina pectoris by getting out of 
bed aud walking The same therapeutic agents that may help 
the pam of coronary arteriosclerosis may also alleviate that of 
aortic regurgitation, Lauder Bruntoo’s* first triumph with amyl 
nitrite was in a patient with the angina of aortic incompetence In 
most of the violent anginal seizures m aortic regurgitation, there 
IS marked nse in the sjstolic pressure, according to Lewis,®* the 
rise m arterial tension precedes the pain, while Schwartz*® observed 
It concomitantly with the seizure I have seen severe paroxysms 
w ith little change m blood pressure In the milder attacks, tliere 
IS rarely considerable alteration in blood pressure The heart is 
usually rapid Pallor or flushing, sweatmg, dyspnea, and palpita- 
tion are frequent but not constant manifestations of the attack 
Exceptionallj , there is evidence of left ventricular failure during a 
protracted attack in the form of moist rales at the bases, but 
Schwartz did not observe frank pulmonary edema in any of his 
5 cases Schwartz noted that severe anginal seizures m patients 
with aortic insufficiency tend to occur during a period of a jear or 
less and then disappear, so that the patient may enjoy relatively 
good health for a number of jears However, I observed a girl 
with rheumatic aortic insufficiency who had extremely severe 
anginal attacks requiring morphine over a period of more than 
five j ears 

The pathogenesis of cardiac pain in rheumatic aortic insufficiency 
has been extensively discussed The attacks may occur m the 
absence of well-marked rheumatic lesions of the aorta or narrowing 
oi the coronary arteries (Xeeler and Xesmk" own observations) 
The best founded theory would seem to be that of Keefer and 
Resnik, who attribute the pam to ischemia of the mjocardium due 
to the low diastolic pressure In all the instances of angina in 
aortic regurgitation that I have seen the diastolic pressure has been 
very low, usually, but not always the sjstolic pressure has been 
abnormally high ^Miile the question of the v ariations m coronary 
flow during the phases of the cardiac cjcle is still sub judwe, the 
work of Anrep* indicates that the average aortic pressure during 
diastole is one of the primary factors determining coronary flow 
In animil experiments, Smith, Miller and Graber“ show^ that 
30 
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fo)lo\Mng the production of aortic regurgitition coronarv flow is 
markedly curtailed (m one of their experiments from 240 to 150 cc 
per minute) In experimental aortic regurgitation Green** like- 
wise found th it coronary blood /low was diminished the diminution 
occurred during diastole as i result of lowered aortic diastolic 
pressure and was mitigated to a tonsidtrible extent bj a con 
comitant increase in the coronuy flow during sj stole due to the 
b\stolic pcriphcril coronary resistance being relatnch low m com 
parison to aortic pressure Moreover, tlic blood flow to the mjo- 
cardium maj be himpcred by coronary sclerosis remaining as a 
heritage from the original rheumatic infection (page 345) even 
though the sclerosis does not narrow the coron iries it mav interfere 
with the incrc/ise m blooil flow necessary for the Iniiertrophied left 
ventricle performing so much work In aortic regurgitation there 
IS therefore the combination of increased demand for blood as a 
result of left ventricular hypertrophy and decreased coronary flow 
as i result of low di istohc pressure and perhaps sometimes coronarv 
sclerosis That anginal pam slioukl frequently develop under these 
circumstances is not surprising tn view of the strong c\ r fence mdi 
eating that myocardial iselicniu is the bisic cause of such pam 
(page 114) I ntirelv obscureisthcimmcthatc precipitating mechan 
ism of tlie parowsm and cspcciallv why tJic anginal pun of aortic 
rcgurgit ition is so ipt to appear at rest and is sometimes relieved 
b\ moving about 

Some patients with aortic regurgitation suffer from ittacks of 
Tcrhgo and evui brief syiieope presumablv due to transitory cere 
br il istlieiiua although there are no other evidences of heart failure 
However 111 my cxjierience such cerebral symptoms have been rare 
when the patient was otherwise well compeiisatcvl 

Left Ventncular Failure ui Aortic Re^ptabon —Heart fuiure m 
aortie regurgitation is almost always initiated as isolated left 
ventnculir failure The first symptom is usuallv dvspnea ^^hlle 
the initial dv'«pnea is most often exertional a nocturnal paroxysm 
of cardiac asthma ushers m circulatory failure m a higher proportion 
of cases of aortic incompetence than of other v al\ ular lesions As 
pointed out by Longcope**' paroxysmal dvspnea is especially fre 
quent m svphilitic aortitis Ivccfer and Ilesnik** found that par 
oxysmal dvspnea occurs in svphilitic aortitis onh when the latter 
13 associated with aortic incompetence hypertension or aneurysm 
according to their investigations svphilitic aortitis per se does not 
occasion cardiac asthma But I have seen cases in winch syphilitic 
narrowing of the mouths of the coronaries scemeil the most likely 
cause of severe paroxysmal dyspnea Cardiac asthma may be tlie 
onh svmptom of svphilitic aortic insufficiency for montlis (Long 
cope”) so that the cases are sometimes confused witli bronchial 
asthma However cardiac asthma is not characteristic of syphilitic 
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aortic regurgitation, it also occurs with leaks of rheumatic or 
arteriosclerotic etiology 

The djspnea is generally associated with orthopnea and may 
attain agonizing severity, for days at a time, the victim may sit 
m a chair or with his legs hanging over the side of the bed Fre- 
quently in the syphilitic cases, much less often when the leak is 
due to rheumatic fever, the tribulations of the sufferer are increased 
by precordial or retrosternal pains The pains have been described 
m the section on the compensated stage because they are not con- 
sequences of heart failure, and may long precede its inception Of 
all vahular lesions, syphilitic aortic insufficiency is the one most 
apt to be associated with excruciating suffering The suffering is 
usually more intense during the period of isolated left ventricular 
failure than in the later stages when the heart gives way , then the 
dyspnea and orthopnea are most often ameliorated, presumably 
as a result of diminution in pulmonary engorgement, and the anginal 
pains often disappear 

There may be other sy mptoms of pulmonary engorgement during 
the stage of isokated left ventricular failure Of these, cough, with 
or without expectoration, is the most common There may be 
blood-streaked sputum or even copious hemoptysis These symp- 
toms may be due either to the pulmonary or bronchial engorgement 
manifesting the left ventricular failure or, m syphilitic aortitis and 
rarely in arteriosclerotic dilatation of the aorta, they may result 
from pressure on a bronchus by the dilated aorta Occasionally , 
massive pulmonary edema develops and may prove fatal 

Vertigo is not uncommon, and syncope occurs in rare cases 
These symptoms are presumably due to transitory cerebral anemia 

Objectively, cyanosis is rarely deep and, in contrast to the usual 
state of affairs m mitral disease, may be completely absent despite 
severe dyspnea Pallor is often the dominant characteristic of the 
skin, but there are patients who remain flushed even when severely 
decompensated The physical evidences of hypertrophy and dila- 
tation of the left ventricle arc present At first, during the stage 
when the dilatation involves mostly the outflow tract (page 298), 
the enlargement is more downward than to the left, but later the 
transverse diameter becomes very large The most capacious left 
ventricle encountered by the physician is in aortic regurgitation 
wnth decompensation of long standing Despite the absence of 
venous stasis, the other chambers may also be hypertrophied and 
dilated, but proportionately less than the left v entricle, only excep- 
tionally does a case of aortic regurgitation come to necropsy during 
the period when the enlargement is confined to the left ventricle 
The heart rate is more or less accelerated ^VhlIe there may be 
premature contractions, auricular flbnllation is v ery rare during the 
stage of isolated left ventricular failure Tlie aortic diastolic mur- 
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mur often bttomcs fainter as the heart falls, it may not be dis- 
tinguish ible when the rate is ripid, agiin to become obvious when 
the heart slows Gallop rh^thin is common Accentuation of the 
pulmonic second sound often testifies to the hypertension of tlie 
lesser circulation The I lint murmur m be present 

The Flint Mvinnnr.— -Auvliii Flmt“ described the occurrence of a rumb- 
ling jircsjstolic murmur at the mitral area m patients with aortic regurgi- 
tation , nltliougli the murmur simulated tliat ol mitral stenosis, the absence 
of organic stenosis was proved at necrojMy Tjia>cr‘* obscried a Flint 
murmur at sumo time in Uio clinical course of 33 of 74 cases of aortic in- 
coinpctciicQ m whicli mitral stcoosis was absent at necropsy Tins is a 
much higher incidence of tlic I Lnt murmur than I hare encountered, and 
IS probably due to the fact tliat Thayer considered only hospital cases 
which came to necropsj laubry and I’ezzi” have pointed out that the 
I lint murmur IS not present in wcll-com])ensatcd aortic regurgitation wlicn 
it is heard there are evidences of left \entneular failure Further, as 
pointed out by Laubry and Ptezzi and as I have repeatedly observed the 
Flint murmur may disapiienr as the heart improics with digiLahzation 
The Fbnt munnur would thus a]*i>car to be one of the manifestations of 
left ventricular failure, which is Iho reason whv it is dbcu«acd at this point 

Apart from the eases m which the murmur disappears with the improve- 
ment of the heart, the diagnosis of a Flint murmur can hardly lie made 
with any assurance m rheumatic aortic regurgitation, for it may simulate 
tlie munnur of mitral stenosis m all respccte, l)e accompanied by a thrill, 
and even bo followed b) a snappy first sound (30 per cent of Tlia^er’s 
cases) But in sjplulitic aortic incompetence, the appearnneo of a vibra- 
tory prcbjstoUc munnur at the apex is almost always due to the aortic 
defect and not to organic mitral 6teno«is 

The patliogcncsis of the Flint munnur has been much disputed Flint 
licliev eel that llio regurgitant stream from the aorta floats the mitral curtains 
into apposition, so that tlicy arc set into vibration by the direct current 
produced by auricular systole A muili more ])lau<iible explanation is that 
of Guitdras," wiio suggested that the regurgitant stream strikes the antenor 
flap of Uic mitral valve and drives it into such a po'^ition tliat it is set in 
v'lbration by the aunculo i^tolic blood current Struck by the fact that 
tlie rimt munnur is cncountcrctl when heart failure is present, Laubry 
and Pczzi mamtain and bring graphic evidence in favor of the view that 
the Flint murmur is a presj'blolic gallop rhythm engrafted on the dia'tohe 
murmur, and simulating to the car a prcsj'stoho murmur To me, the 
explanation of Guit^ras seems tlio most plausible The fact that the Flint 
murmur develops m the presence of left ventricular failure is perliaps 
exi)laincd as follows Witn the left vcntncle weakens and docs not empty 
completely, auncular systole is more powerful and thus more apt to set 
tlie anterior flap of the mitral valve pushed up by the regurgitant stream, 
into audible vibration According to Bic observations of Herrmann,** a 
Fhnt murmur is especially apt to develop if tlie posterior cusps of the aortic 
valve are incompetent 

Very often, the characteristic Corrigan pulse hecomes less distinct 
as the left ventricle fails, this is probably due to diminution in the 
s>stolic discharge of tlie left ventricle and perhaps also to an 
impeihment to regurgitation bj the elevation in diastolic intra- 
ventricular tension that marks tie failure of tlie left ventricle The 
evidences of systemic venous engoigement are absent during the 
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stage of isolated left \ entncular failure and the venous pressure is 
normal 

The manifestations of pulmonarv engorgement are the classical 
ones described in Chapter \III 

Systemic Venous Engorgement m Aortic Regurgitation —If the 
patient does not succumb during the stage of isolated left v entncular 
failure venous engorgement sooner or later dev elops The cervical 
veins and liver swell hvdrotliorax and less often ascites appear 
and the venous pressure rises Fibrillation of the auricles may set 
in but IS exceptional m aortic v alv ular defects Cow an and Ritchie” 
encountered it only 12 times m 300 cases of aortic incompetence 
We have alreadj mentioned that jan passu with the development 
of sjstemic venous engorgement the dvspnea and especiallv the 
orthopnea may be ameliorated There is cverj reason to believe 
that the pathogenesis of s>stemic venous engorgement m aortic 
regurgitation is similar to that in hypertension to die discussion 
of which the reader is referred (page 446) It mav be remarked 
diat exquisite examples of obturation of the right ventricle by a 
bulging interventricular upturn are not uncommonly encountered 
at the necropsy of individuals with aortic regurgitation and svstemic 
venous engorgement 

Course of Heart Failure m Aortic Regurgitation The stage of 
isolated left \ entncular failure may last from a short period to a 
number of vears Main persons with rheumatic aortic insufficiency 
are short of breath on moderate exertion but otherwise able to 
pursue their usual wav of life for a number of years even a decade 
or more This is less often true in sjpliiht c aortic regurgitation 
Rheumatic patients often improve enough to be up and about 
from several episodes of decompensation marked b\ severe left 
ventricular failure or even from such with systemic venous eiigorge- 
gorgement This again is much less common in die svphihtic 
cases In a general way the prognosis of the syphilitic cases is 
decidedly worse than those of rheumatic etiologv whether they are 
seen when still well compensated or after heart failure has set in 
This IS probablv largely due to differences in the nature of the 
infection Once syphilis has persisted for enough years to produce 
aortitis eradication of the infection is unlikely although recent 
work (page 780) shows that adequate treatment improves the 
prognosis On the other hand rheumatic infection often becomes 
quiescent and may even subside completely after having produced 
regurgitation we have seen that a major proportion of episodes 
of decompensation in rheumatic valvular disease are direct conse- 
quences of the activity of the rheumatic infection '\Ioreov er the 
prognosis in syphilitic aortic insufficiency is also clouded by the 
location of the aortitis with its great tendency to narrow the orifices 
of the coronary arteries 
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It 13 an old clinical experience that once decompensation occurs 
in aortic msuirieiency the outlook is usually not as good as in the 
cardiac failure of iiiitnl disease One of the reasons for this differ 
ence is that i considerable projiortion of the aortic cases are sjphi 
Iitic Moreover heart failure m mitral disease is more often pre 
cipitated b> auricular fibnllation uluch is so frcniuentlj amenable 
to digitalization 

Individuals with aortic msuflicicncy have a marked predisposition 
to sudden dialh citlier when bttmwgly util compensated— they 
may not have known of heart disease— or after chronic failure has 
set in Martland“ found tint 101 of ^X) instances of sudden death 
w ere due to 3\ philitic aortitis and in 3b of these aortic regurgitation 
was the predominant lesion Ihe predisposition to sudden death 
13 perhaps largely correlated with the great hjpertrophj of the left 
ventricle and the low diastolic pressure as a result of which the 
factor of safety of the blood suppl> to the heart is less than m 
healtliy persons In tlie s>pliihtic casts which are the more liable 
to sudden death tlie narrontng of the mouths of the coronary 
arteries is doubtless often significant 

SuDul&tlon of Heart Failure m SyphiUtie Aortitis —In sM>lulitic 
aortitis witli or without aortic msufiieienej and much less often 
in arteriosclerotic dilatation of the aortu symptoms due to the 
dilatation of tlie aorta may suoulatc heart failure Pressure of 
the dilate-d aorta on the mam bronchi may produce continuous or 
paroxjsmal djspnea cough and exccptionallj bloody expectora 
tion sjinptoms which in the presence of aortic msufficiency maj be 
misinterpretc 1 as due to left ventricular failure Differentiation 
between such pressure symptoms and left ventricular failure is 
often facilitated by measurement of the circulation time (page 55) 
which IS normal m compression and almost mvariablj prolonged 
in left ventricular failure severe enough to produce s>Tuptoms 
Occasionally compression of the su|ienor vena eav a by tlie dilated 
aorta (or rarely by syphilitic periaortitis and mediastimtis) leads 
to swelling of the cervical veins and high pressure m the veins of 
the upper extremities thus simulating right ventricular failure 
But tlie picture is differentiated from insufficiency of the right side 
of tlie heart by tlie absence of swelling of tlie liver or other venous 
engorgement below the diaphragm From the point of vicv of 
therapy it is most important that symptoms due to heart failure 
be differeiitiateil from tliose of compression by a dilated aorta 

AOBXIC STENOSIS 

As a rule aortic stenosis is merely one element m rheumatic 
heart disease It may be accompanied by aortic regurgitation 
mitral defect and mjocardial and pericardial disease In the 
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pathogenesis of heart failure m such cases, aortic stenosis most 
often plajs onlj a subordinate role Actually, as a previously 
leaky valve narrows, tlie added work thrown on the left ventricle 
by the stenosis may no more tlian substitute for that spared the 
chamber by the diminution m regurgitation due to the constriction 
of the aortic aperture 

In another group of cases, the clinical picture is due predominantly 
or solely to aortic stenosis The majority of these patients are past 
fifty y ears of age v\ hen symptoms of cardiac disease appear, although 
the history or necropsy findings may show that marked aortic 
stenosis has been present for many years A large proportion of 
these individuals (Margolies** et al ) never dev elop cardiac sy mptoms 
and succumb to an independent disease Aortic stenosis is not 
rarely a surprise at necropsy Contrary to other v alvular lesions 
and for reasons which have not been elucidated, males are much 
more often affected than females Although the anatomical findings 
render it hardly likely that the v alve shuts faultlessly , aortic regurgi- 
tation IS usually insignificant and often cannot be demonstrated 
during life In the large majon(y of instances, massive calcification 
of the stenotic aortic v alve is found at necropsy, and can sometimes 
be demonstrated roentgenologically during life Large calcareous 
deposits are located in the ring and especially m the basal portion 
of the scarred and deformed cusps The masses often project into 
the sinuses of Valsalva, which may be almost filled up Extensive 
atheromatous change is generally also present The other valves 
show little or no change 

'While such calciSc aortic stenosis in Uie middle aged and elderly was 
formerly regarded as prunanly aitenosclemtic in ongm, it seems that at 
least most often the lesion is due to rheumatic fever, a history of this 
infection was definite m U of Chnstians'* 21 cases and probable m 2 of 
the others Dry and Wiilius** also regard calcareous aortic stenosis as of 
rheumatic origin Presumably, in view of the frequent paucity or absence 
of evidence of old rheumatic Ganges m the other valves, myocardium and 
pencardium the aortic cusps bore the brunt of the ongmal mfection which 
healed and left behind only Uie deformity of the aortic valve Such a 
sohtary defect of the aortic valve is readily compensated by hypertrophy 
of the left ventricle and the patient has no ejiaptoms of heart disease for a 
long time But in the course of years shruikage of the scarred and fused 
aortic cusps witli secondary degenerative changes mcludiug calcification 
further narrov^ the aortic aperture, and the functional capacity of the 
hypertrophic left ventricle decreases with advancmg age, so that symptoms 
of heart failure finally make their appearance The histological ob^rvation 
of Sohval and Gross’^ convinced them that in addition to the rheumatic 
cases, there are also many instances of non rheumatic calcific aortic sten- 
osis Libman’* has suggested that some of the cases may occur on the 
basis of a congenital bicuspid valve, and Libman and Cabot* believe that 
some may be the outcome of healed bacterial endocarditvs 

SypluUs IS not concerned in the etiology of aortic stenosis, tlie compli 
cation of syphihtic aortitis by aortic regurgitation is due primarily to 
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^^ldcn]ng of Uic commu>suro bctnccn tlie cu''ps, n process does not 
lead to aortic stenosis (jiage 405) lakcuisc, iirtcnosclero«is per se rarely, 
if ever, produces Iho fusion of the aortic cu^ps wliicli is generally the main 
element m aortic stenosis On rare occasions, tlio vegetations of bacterial 
endocarditis produce marked stenosis of tlie aortic opening 

Compensated Aortic Stenosis.— In the light of Starling’s law of 
tlie heart, the process of compensation m aortic stenosis would 
seem to be as follows. Constriction of the aortic orifice augments 
tlie resistance to the sj stole of the left ventricle In c-onscquence, 
the chamber docs not empty as couijilctcly as before And if an 
unchanged volume of blood enters Uie left ventricle from the auricle 
during the succeeding ventricular diastole, the diastolic filling is 
greater According to Starling’s law, the strength of the following 
sy stole 13 increased and tlie Ich \ cntriclc, despite the greater resis- 
tance to be overcome, discliargcs tlie same volume of blood as before 
the narrow mg of the aortic orifice Circulatory equilibrium has been 
restored, although only at the expense of greater diastolic and sys- 
tolic blood content of tlie left ventnclc, i c , of dilatation But 
we have seen that this is the condition which leads to the develop- 
ment of hypertrophy of the left ventricle (page 310), and this 
gradually appears 'llie hypertrophy of the left ventricle increases 
the absolute strength of its systole, so tJmt, starting from a normal 
diastolic filling, it is able to overcome the increased resistance due 
to the stenosis, t c, hypertrophy has substituted for dilatation 
^^1lcn this takes place, the dynamics of the circulation have been 
restored to normal except that the systolic pressure within the left 
ventricle is elevated Turthcr, Katz and Ted*’ have shown that 
m aortic stenosis botii the isometric contraction period and the 
ejection phase art prolonged, they point out that the prolongation 
of the ejection tune tends to compensate for a retluced rate of ejection 

In human aortic stenosis of tlie tyqie described in the preceding 
paragraphs, the narrowing of the orifice develops very slowly, most 
often ov er a period of y ears Consequently , time is afforded for 
hy pertrophy to substitute for dilatation at each stage of the process 
In most eases of well compensated aortic stenosis, radiographic 
examination reveals little, if any, enlai^meat of the cardiac sil- 
houette, tliere is only evidence of left ventricular hy pertropliy 
(page 302) And if such a patient succumbs to an independent 
cause, which is not rare, the necropsy discloses the left ventricle 
to be markedly hypertrophied but not dilated Aortic stenosis 
furnishes tlie classical examples of “concentric” hypertrophy i e , 
hypertrophy witliout notable dilatation, m which postmortem con- 
traction of tlie thickened myocardium causes the cavity to appear 
smaller than usual The myocardium of the left ventricle may 
exceed 25 mm. in thiclvness, and the papillary muscles and trabeculte 
are massive and rounded In mdividuals who succumb during 
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perfect compensation from independent causes, the other chambers 
may be normal 

During the stage of faultless compensation, aortic stenosis often 
produces few or no subjective symptoms, and is generally dis- 
cov ered while the subject is being examined for insurance or another 
condition There maj be consciousness of the heart’s action, e\ en 
though it IS not rapid, or a dull ache in the cardiac region Classical 
angina pectoris vias present m 4 of Boas’* 19 patients iMth aortic 
stenosis, some of tlie attacks simulated coronary thrombosis 
McGinn and \Yhit^* encountered angma m 19 per cent of their 
cases of aortic stenosis In 2 cases with angina which came to 
necrospj, Boas found the coronarj arteries unobstructed The 
angina is plausibly explained on the basis of ocardial ischemia, 
for the h\ pertrophj results in an increased muscle mass and Green** 
has shown that m experimental aortic stenosis m the dog coronary 
blood flow IS diminished The diminished coronarv flow is prob- 
ably due to the small cardiac output and perhaps also, as indicated 
by the experimental findings of Green, to an increase m the sj stolic 
coronary resistance resulting from tlie systolic pressure withm the 
left ventricle being so much higher tlnn the aortic pressure Co> 
roboration of the conception that the angina of aortic stenosis 
(like all other angina) is due to myocardial ischemia is afforded by 
the electrocardiographic findings and I'riedberg and SohvalV* 
finding of fresh myomalacia lo the absence of coronary occlusion In 
other and perhaps more frequent cases, coronary arteriosclerosis is 
concerned m the causation of the angina ^ ertigo and faintness are 
occasional complaints, actual syncope is a rarity during the stage 
of compensation 

Tlie physical findings emanating directly from the deformed 
cusps— thrill, murmur and weakness of the aortic second sound- 
will not be described here, for a discussion of their occurrence and 
interpretation, the reader is referred to the paper of McGinn and 
\Miite** The diastolic murmur of aortic regurgitation may or 
may not be audible Often, the hvpertrophy of the left ventricle 
IS revealed by a heaving apex beat, but this may be concealed by 
emphysema As already mentioned, tierther physical nor radio- 
graphic examination may show the silhouette of the heart to be 
increased abov e the upper limit of the normal , usually , the rounding 
of the left ventricular border due to hypertrophy is evident on 
fluoroscopy On the other hand, there are also cases m which, 
despite the absence of dyspnea or other svmptoms of heart failure, 
the left ventricle is considerably enlarged, especially downward but 
also to the left There can be no doubt that considerable dilatation 
of the left ventricle is present m such instances, but for the time 
being notable engorgement of the lungs is av erted by the increased 
force of left ventricular systole due to the dilatation and hyper- 
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troplij Such a state of tolerable coinpens ition despite dilatation 
of the left ventricle maj continue for vears Ihe first sound at 
the apex is often booming and seems prolonged flic heart rate is 
usuallj vviUiin normal limits 1 xceptionallj in the absence of 
conduction disturb inccs the heart is slowexl to between 50 and 
00 beats per minute whether the slow rites occur m the cases with 
tlie iiiarke'd prolongation of sj stole described bj Katz and led 
(paj,e 482) lias not been studied Boas ind others hav e pomtc'd out 
that aortic stenosis is otcasionalli complicated b> auneulo-vtn 
tneular or bundle-branch block Viutoiiiied m\ estimations have 
sliown tint the litart block iiia> be due to tJie extension of the 
calcifMiim process from the lortic ring into the interventricular 
septum w idi miiilic itiim of the bundle of IIis (Lehlinger**) IIow 
ever the findinms of I ncdbtrg and bohval * mdicite that heart 
block 111 lortie stenosis is not ulwa>s due to such gross organic 
implie ition of the bundle Boas aiul thev point out th it the cotUuc 
tioii disturbance m i> be transient and sonittimes like the angina 
occur onlv on exertion 

Ihe elcetrocardu jram usually shows rot ition of the electrical 
axis to the left ind quite high voltage \s m all varieties of left 
ventricular strun the T wave uiaj he inverted m the first lead 
Of speci il interest is tlic f ict that aortic stenosis ma> ruult m 
elevation of tiic /fS T interval in the first an 1 second leids simulat 
inm the findinms in coronirv tlirombosis (cf Master Jaffa and 
I)ick‘“) Ihis elevation of the ItS T interval is doubtless an expres 
Sion of myocardial isclieinit In accord witli tins explanation 
Iricdbcrg ind Sohval found fresh myomalacia in several instances 
of lortic stenosis w ithout conmarv occlusion 

( alcifieation of the lortic valve can often be detecteal JIuoto~ 
SCO} ically or on the film 

In some instances of lortic stenosis the ■pube is rither charac 
teristic It IS small and wliat is most significant rises gradually 
to i summit winch mav be prolonged as a plateau The slow rise 
is the direct exjiression of the small orifice through which the left 
ventricle ejexits its blood Libman’* has pointed out that the 
centrist between tlie heaving apex beat and the absence of retro 
maniilinal pulsation is sometimes of aid in the recognition of aortic 
stenosis IVacings show tint an additional wave may be present 
on the upstroke of tlie pulse but only rarelv is such an am erotic 
pulse sufficiently pronounced to be detected by unaided pilpation 
On rare occasions the anacrotism 121 so ample as to giv e the impres 
Sion of a double apex to the sphjgmogram even more rarely the 
double beat (pulsus bisfenens) can be detected by palpation The 
origin of tlie anacrotic pulse is not clear Teil and Katz s'* optical 
records indicate that the anacrotic wave is the peripheral manifes 
tation of a change from rap d to slower ejection bv the left v entncle 
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but tlie mechanism which causes this is obscure The anacrotic 
pulse IS also occasionally obsersed m aneurjsm of the aorta, com- 
pression of the arterj by a tumor central to the site of compression, 
severe arteriosclerosis, and other conditions, it can be produced m 
the sphjgmogram of the healthy person by increasing the pressure 
of the instrument against the ves^ Another change in the pulse 
which has been observed in aortic stenosis is delay (pulsus tardus), 
instead of the normal interval of 0 7 to 0 1 second between the apex 
beat and the radial pulse, this may be increased to 0 2 second 
(Mouqum*^) The delay is sometimes appreciable b\ simultaneous 
palpation, or better auscultation and palpation, of the apex and the 
pulse 

While these changes in the pulse are evident in some instances 
of aortic stenosis m others they are not appreciable to simple 
palpation The latter often reveals nothing characteristic in aortic 
stenosis sev ere enough to lead to heart failure and which is found 
at necropsy to be very tight Tracings would doubtless bring 
out the slow rise of the pulse more often, but thej are rarely made 
nowadays 

The arterial pressure is most often normal despite tight aortic 
stenosis This is not surprising, for Roj and Adami*^ showed long 
ago that the ascending aorta of the dog can be greatl) constricted 
by a clamp w ithout causing significant fall of pressure in the caro- 
tids As experiments show, more forceful contraction of the left 
ventricle maintains the stroke volume despite ver} marked stenosis 
And even when the left ventricle fails, vasoconstriction militates 
against fall in blood pressure In rather exceptional cases of aortic 
stenosis, the sjstolic and pulse pressures are depresstxl This is 
probablj due to the prolongation of sjstolic discharge, since the 
arteries continue to emptj at their usual rate, the maximum blood 
content, and consequently the systolic pressure, are not as high as 
they would be in the absence of stenosis In middle-aged and 
elderly individuals with aortic stenosis, essential h^'pertension is a 
not uncommon association, but of course the elevation of blood 
pressure is not directlj correlated with the valvular lesion WTien, 
as IS often the case aortic regurgitation and stenosis are both 
present, the stenosis tends to dimmish both the fall in diastolic 
pressure and the rise in systolic pressure due to the regurgitation 

The duration of the stage of compensation m aortic stenosis 
when associated witli little or no aortic regurgitation and uncom- 
plicated by other v alvular lesions is often remarkably long Espe- 
ciallj when the lesion is first detected m middle life, tlie individual 
may remain capable of hard work for one or even two decades 
As already mentioned, death is often due to an independent cause 
^Yhen there is also well-marked regurgitation, the prognosis is not 
so good, but some of these patients also do well for > ears 
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Heart Failure m Aortic Stenosis —Tins is initiated os left ven* 
tnculvr fulure “Most often tlio initial svmptom ib djsjmea on 
exertion I>css cominonlj he irt failure is ushered m brusquelv by 
in att ick of cardiac isthma Palpitition and prtconlid piin are 
otlier frequent carl^ sjmptmns uhich maa lu\e also been present 
during the compensated stigt ami art sometimes correlated with 
complitatinf, coronarj trUriostlcrosis Ihc litter may result m 
severe angina Ihe pulmonarv engorgement is often manifested 
by cough which m these elderly patients may be mistakenly 
attributed to bronchitis Uloody expectoration is not unconi 
raon and frank hemoptysis IS an occasional event As in all forms 
of heart failure in the tldtrlj msomiiia and weakness are common 
complaints Much less frequent (22 ptr cent of jVItGinn and 
Whites patients) but sometimes striking are sucli manifestations 
of cerebral ischemia as vertigo faintness and svneope, the advanced 
age and ccrbral arttnosckrosis of most of the patients perhaps abet 
the small cardiac output m the causation of these symptoms 
Gallavardm‘^ and others havcimmted out that vertigo and syncope 
in aortic stenosis arc sometunts precipitated by exertion Since 
tight stenosis prevents notable increase in cardiac out]>ut the dcviii 
tion of more blood to the extremities during exercise may readily 
entail cerebral ischemia and thus produce the dizzmc'ss and fainting 

The duration of the stage of isolatcii left ventricular failure is 
variable Some of the patients continue to complain only of 
dyspnea on excrtiuii and perhaps prccordial pain or dyspnea for 
years and are able to get about fairly well Others have several 
admissions to tlic hospital dunng a few vears because of axertioual 
and paroxysmal dyspnea recovering each time sufficiently to be 
fairly active In a considerable proportion of the cases however 
once heart failure sets m it is rapidly progressive There is always 
danger of the usual complications of left ventricular failure— 
bronchopneumonia pulmonary inrorction and acute edema of the 
lungs Ihe patient may succumb to any of these during the stage 
of left ventricular failure Sudden dcatli is nut rare sometimes 
this occurs in individuals who were not aware of their cardiac lesion 

If the patient dues not succumb during the stage of isolated left 
ventricular failure evidences of svstemic venous engorgement 
sooner or later make their appearance Ihese consist m the banal 
swelling of the cervical veins enlargement of the liver edema serous 
effusions and rise m venous pressure Ihe pathogenesis of sy stemic 
venous engorgement m aortic stenosis is prcsumablv similar to that 
m other forms of left ventncular failure (page 44G) Once venous 
engorgement has appeared the results of treatment are generally 
not so good as in hypertensive heart disease However in some 
cases the patients improv e sufficiently to be up and about for a time 
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Objective Findings.— Physical examination reveals the left ven- 
tricle to be enlarged downward and to the left During the stage 
of isolated left ventricular failure, the enlargement may be con- 
fined almost entirely to the left ventricle Later, all the chambers 
participate, but the enlargement of the left ventricle is predominant 
The heart may become extrcmelj large, but the average size is not 
as great as when regurgitation is the dominant defect Even when 
there has been a long period of heart failure, the hjpertrophy of 
the left ventricle is more marked m proportion to the dilatation 
than m aortic regurgitation The heaving apex beat becomes more 
diffuse The heart accelerates, but generally not as much as in 
predominant regurgitation It is not uncommon to encounter 
severe heart failure m aortic stenosis with a rate of between 80 
and 90 The occurrence of very slow rates due to heart block 
has alreadv been mentioned Most often, apart from premature 
contractions, the rhjthm remains regular, auricular fibrillation 
w as present m only 2 of Christian’s'® 16 patients Gallop rhythm 
IS frequent The harsh aortic murmur and thrill often become 
fainter as the heart fails The sjstolic murmur of functional mitral 
insufficiency usually appears, so that if previous examination 
had not shown that the patient has only aortic stenosis, a multi- 
valvular lesion may be diagnosed Occasionally, alternation of 
the pulse develops The evidences of pulmonaiy and systemic 
venous engorgement arc the usual ones 
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HEART FAILURE INITIATED BY INSUFFICIENCY OF 
THE LEFT SIDE OF THE HEART IV MITRAL 
VAL\TJLAR LESIONS 

Both incompetence and stenosis of the mitral valve strain the 
left side of the heart and thus predispose to cardiac insufficiency 
initiated as left-sided failure with pdmonaiy engorgement In 
most instances of rheumatic heart disease, the mechanical conse- 
quences of these defects of the mitral valve constitute one of the 
factors m the pathogenesis of the heart failure that usuallj eventu- 
ates Primary atherosclerotic changes develop m the mitral valve 
in hjiiertensive and artenosclerotic heart disease, but the> interfere 
with the function of the valve so little that the djnamic repercus- 
sions on the circulation are slight and their role m the production 
of heart failure almost always insignificant 

ANATOMICAL FINDINGS IN RHEUMATIC MITRAL 
REGURGITATION AND STENOSIS 

These will be discussed together because h} the time of necropsy 
both are generally present, although, as will be seen below, almost 
pure regurgitation occurs much more often than has been the usual 
opinion A brief descnption of the histological findings m rheu- 
matic valvulitis has already been given in conjunction with aortic 
disease (page 463) The identical lesions occur in the mitral valve 
Thev are located not onh in the curtains but also in the fibrous 
ring, chordae tendinse and neighboring parietal endocardium In 
addition, the papillary muscles and myocardium surrounding the 
nng are implicated m the myocarditis which is practically always 
a component of rheumatic caiditis 
The minute verruca which form especially along the closure 
lines of the mxlral /laps as the most characteristic evidence of active 
rheumatic valvTiIar disease can hardly be the cause of quantita- 
tively important regurgitation, although they are perhaps con- 
cerned m the pathogenesis of the faint apical sy stolic murmur which 
so commonly appears early m rheumatic fever It would seem 
probable, however, in view of the rheumatic myocarditis which 
is present at this time, that the functional factor of dilatation of the 
left ventricle is the principal cause of these early systolic murmurs 
and the pr^umably minimal regurgitation which they document 
Only at a later stage of rheumatic carditis does quantitatively 
significant regurgitation develop, and then it is due to deformity 

(4S9) 
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of the \al\c produced by the ori,anization of the inflammatory 
exudate termiuatius m cicatnzatiou Postmortem studies by 
Bland ^Vlnte and Jones* intiicate that such deformity does not 
begin to be significant until after the first jear following infection 
The individual structures of tlic \aUe art affected as follows 

file airlai7i3 1 ccomc irregularly thickened and more rigid which 
interferes with their coaptation during ventricular systole and thus 
causes regurtitation Ihc regurgitation is accentuated by the 
shortening of tlic curtains vvlucli often ultimately results from con 
traction of the scar tissue Ihc curtains may become so rigid that 
they are fixed m a position in which not only is closure incomplete 
with resulting regurgitation but they offer considerable resistance 
to the auriculo*\ entncular blood current and thus produce stenosis 
this factor is especially important when the flaps are calcified 
However the most important factor m the production of tight 
mvtral stenosis is usually the fusion of the adjacent borders of tbe 
fiaps starting nt the base and progressing toward the central por 
tions of the borders This diminishes the circumference of the 
orifice which becomes still smaller as the scar tissue m the fused 
curtains shrink \Mien the circumference is less than 7 5 cm in 
an adult (normal S to H cm according to Dana and Beidy*'*) 
significant stenosis is present Sometimes tbe process results m 
what appears from the auricular side as a diaphragm between the 
auricle and ventricle punctured only by a narrow slit like opening 
—tlic so-called button hole form of mitral stenosis In other cases 
the fusion of the cusps with one anotJicr and with the chords 
tendiiias converts the mitral valve into an irregularly conical struc 
ture wiUi the base toward tbe auricle and the apex toward the ven 
tricle— the funnel form of mitral stenosis According to Sansom *• 
the funnel-shaped variety is 8 tunes more common m children 
while the button hole variety is 2o times more frequent in adults 
In extreme instances of mitral stenosis the mitral orifice is reduced 
to a slit perhaps 1 cm long and a few millimeters broad 
Changes in the cJordse tendinx are often of great importance m 
the productwwv c? uvvtral valvwl'w defects Tbe cords become short 
ened tliickeoed fused together into thick masses and adherent 
over wide areas to tbe ventricular surface of tl e flaps and the 
parietal cndocanlium Tbe process of fusion and adhesion gener- 
ally starts and is most severe at the web like insertions of the 
chord® on the flaps The shortemng of the cords must be a potent 
factor m the production of regurgitation and the cases are not 
uncommon m which tbe changes m the cords seem to be much more 
important m tlie causation of mitral r^urgitation than the altera 
tion of the flips The fusion of the cords with one another and 
the flaps IS a significant factor m the production of the funnel form 
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of mitral stenosis The papillarj muscles are often fibrotic m 
mitral disease 

The fibrous ring from winch the flaps take origin is in\ol\ed m 
the inflammatory process According to the measurements of 
Kirch,"* the ring is dilated in mitral stenosis e\ en though the orifice 
IS extremely small, ring and orifice are connected by elongated 
flaps He considers this widening of the mitral ring as correlated 
With the dilatation of the left auricle In long-standing cases, there 
is often marked calcification of the ring * While such calcification 
IS much more common in the elderly , it is occasionalK encountered 
m the young Rigid fibrosis and calcification probably interfere 
greatly with the sxstolic reduction in circumference and change in 
shape of the mitnl orifice (page 398) and thus fai or regurgiLition 
Exceptionally, large calcareous masses in the mitral ring produce 
some stenosis 

Artenosclerotic Mitral Lesions —White and yellovv patches of 
atheromatous and fibrous change on the ^ent^lcula^ side of the 
aortic flap of the mitral \.il\e arc present m almost all adults and 
man\ children, but do not impair the function of the \al\e The 
same is true of the more extensixe atheromatous lesions of the 
mitral curtains found m main arteriosclerotic mdniduals Exten- 
sive thickening and calcification, with or without atheromatosis, 
of the mitral ring and tlie base of the curtains ma\ also occur m 
mdniduals witliout other evidences of endocarditis In such cases 
the lesion is to be regarded as degenerative ' m pathogenesis and 
allied to arteriosclerosis That calcification of the mitral ring mav 
also result from rheumatic infection was mentioned above In 
miny cases, even complete annular calcification of the mitral ring 
seems to do little harm to the function of the valve and may be 
found at the necropsy of individuals who had no svmptoms of 
heart disease The presumption tint such annular sclerosis and 
calcification of the mitral ring mav produce regurgitation through 
interference with the systolic iiiiniiiutioii in size of the orifice has 
already been mentioned But it would appear that the purely 
arteriosclerotic lesions of the mitral valve, like those of the aortic, 
are rarely of clinical significance Injurv to the bundle of His bv 
extension of such a lesion has been reported bv Moenckeberg ** 

The Chambers of the Heart m Mitral Disease —The state of tlie 
left ventricle m mitral disease is largely dependent (apart from 
complication by aortic valvular or other lesions) on whether the 
patient passes through a long period of significant mitral regurgita- 
tion If such 13 the case, the left ventricle is hypertrophied and 
dilated, although rarely to so great an extent as in aortic disease 

* Occasionallj calcification of the mitral ring (and of the aortic lal^c in calcific 
aortic stenosis) can be detected during hfe by earful fluoroscopic examination nith 
a small diaphragm and rather hard ra>a (Marks**) 
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On tilt otiicr Innil the Uft \tntritlL is dctrtistd in si7e in pure 
iintnl steno-jis i f xct w huh >v is long igo tst iblislitil quantit itn civ 
b\ Hir>th ” using Uit mctboil of Aiutller to weigh tlu iiMlmduil 
p itts of lilt (uart ind more rtcoiith b\ tht c irtfuf nit isurtmtnts 
of Kirth ’ Ulitrt tight milnl sttlio is 1ms tvistccl from in cirl\ 
agt tilt ci\it\ of the left \LntncIc is vcr\ snnll mil tht wills 
thin the ipcx of the heirt niii be forintil b\ the cnhrgcil right 
iLiitrulc Kirth his shown that the itropln of the left icntntle 
III initril stenosis is conhiietl to the inflow tntt e\ttiiiling from the 
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nutril \ the to the ipex while tlit ontllow tract from the apex to 
tlie tnrtic orifice is imifkctetl Tht result of the tlectnt atrophi 
with tonsecpient slu rtening of the inflow tract is tint the mitnl 
t live assumts i position much lower thin uormil in relation to 
tlic lortic \ ilv e lurch further found th it as a result ot the atrophe 
of the posterior wall of tlie left xentndt in mitral stenosis the pi me 
of tilt mitril ring bttomts \er\ oblique m relation to the long aus 
of the left centricle instead of almost perptndicul ir to it as is 
normally the case 
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The left auricle is enlarged m nutral disease Both hypertrophy 
and dilatation are present in most cases Not rarely, the left auricle 
IS 5 mm thick, and much greater hypertrophy has been observed 
In some cases, a most remarkable dilatation of the left auricle devel- 
ops, as a result of i^hich the chamber attains a capacity unparalleled, 
so far as I am av, are, by any of the chambers of the heart under 
other circumstances, a volume of much over a liter has been observed 
repeatedly In such cases, the wall of the left auricle is very thin 
(apart from areas co\ ered by clot), and the sections rev eal that most 
of the wall is fibrous tissue containing only scattered muscle fibers 
The left auricle enlarges first posteriorly and then to the right, so 
that it forms, in the presence of great enlargements, at least part 
of the right border of the heart It is interesting that while great 
enlai^ement of the left auricle occurs predominantly in the presence 
of tight mitral stenosis, it is occasionally encountered where the 
stenosis is not extreme and regurgitation predominates The prin- 
cipal cause of the extraordinary dilatation of the left auricle in some 
cases of mitral stenosis is presumably the high pressure within the 
chamber However, destruction of the muscle of the chamber by 
rheumatic inflammatory lesions and replacement by fibrous tissue 
is doubtless also important These rheumatic lesions of the wall of 
the left auricle were long ago observed by Huchard*® and described 
m detail by MacCallum ” They are present in a high proportion 
of cases of rheumatic mitral disease, m fact, bv careful examination 
Gross** found left auricular lesions macroscopically in 87 per cent 
and microscopically in 100 per cent of rheumatic hearts The 
rheumatic left auricular lesions often exhibit a characteristic appear- 
ance They generally appear first as a corrugated thickening of the 
posterior wall of the left auricle above the mitral valve and may 
extend to co^er a large part of the chamber, even reaching the pul- 
monary veins Histological examination (for details see Gross) 
reveals the specific rheumatic nature of the lesion, which in the 
active state contains numerous Aschoff bodies, and heals in the 
form of a thick scar The thrombi which are generally present in 
the left auricle m mitral disease are discussed later 

Apart from unusual instances of death from independent causes 
or bacterial endocarditis m a perfectly compensated patient, the 
right V entricle and auricle are hypertrophied and dilated m mitral 
disease 

MITBAL REGUBGITATZON 

The Causes of Mitral Regurgitation —Incompetence of the mitral 
vah e may be merely one manifestation of dilatation of the left 
ventricle— functional mitral reguigitation— or a result of organic 
changes m the curtains, ring, chordae tendina, or papillary muscles 
Functional mitral regurgitation is discussed in Chapter XXII and 
31 
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ui conjunction with the various conditions ni wluch dilatation of the 
left ventricle occurs. Chnicnlly significant mitral regurgitation is 
almost ilwa^s due to rheumatic infection, and this section will be 
confined largclj to lesions of this etiology Scarlet fever is Deci- 
sion illy followed b\ mitral leaks, but the interrelationships of post- 
scarlutiml and rheumatic valvular cliingcs are close, and their 
identity not altogether excluded Allierosclcrosis is a common 
cause of mitral regurgitation, however, it would appear that 
although such a lesion is often documented by a loud murmur, the 
volume of rcgurgit ition is so small as to be hardly significant m the 
pathogenesis of circulatory failure m arteriosclerotic and livper- 
tensiv c heart disease Sluch more important than the regurgitation 
due to ithcrosclerotic changes m the mitral valve is the functional 
regurgitation consequent on dilatation of the left ventricle when it 
fails as a result of hvpcrUosion and coronary artery disease How- 
ever, It 13 possible that calcification of the mitral ring maj interfere 
with the systolic diuimution in size of the mitral orifice (page 398} 
and thus fvvor regurgitation The regurgitation that maj result 
from tlie vegetations and valvular ulceration of bacterial endo- 
carditis rarely cuutributcs significantly to the clinical picture of 
the disease Traumatic mitral regurgitation is a clinical cunosit} 
Clmical Significance of Mitral Regurgitation —In recent years, 
distinguished authorities, notably Lewis'^ and Cabot * have mini- 
mizcti the significance of mitral regurgitation m the pathogenesis 
of cardiac failure in rheumatic heart disease "Accurate diagnosis 
of disease of tlie mitral valve depends upon the recognition, not of 
mitral regurgitation but of mitral obstruction ’ (Lewis) The mam 
grounds for this depreciation of the clinical importance of rheumatic 
mitral regurgitation are the following 

1 In former >ears the diagnosis of mitral regurgitation was 
sometimes made solely on the basis of an apical systolic murmur 
Individuals with such a murmur were rejected for military service 
despite the fact tliat thej were not preternaturallj breatliless on 
exertion the heart was not enlarged, and there was no historj of 
rheumatic infection Of course, such overelnphasis of the apical 
sjstohc murmur is not to be defended, for many decades, every 
competent physician has recognized that such a murmur may be 
due to various causes other than mitral regurgitation, bemg often 
of cardiorespiratory origm and in no way portentous But, on 
the other hand, the fact that many systolic murmurs are of little 
clinical significance does not mean that this is true of all Actually, 

It is not rare to encounter individuals, especially children, m whom 
an apical systolic murmur is accompanied by so little supporting 
evidence of organic heart disease, that one is not justified at the 
time in maintaining such a diagnosis, and yet the subsequent 
course of events proves the latter to have been present 



MITRAL REGURGITATION 


495 


2 Most patients with heart failure m whom examination reveals 
evidence of no lesion other than mitral regurgitation sooner or later 
develop the signs generally taken to indicate mitral stenosis (page 
514) And in the large majority of adults with rheumatic disease 
of Ae mitral \al\e who succumb to heart failure, stenosis is found 
at necropsy m addition to incompetence But neither of these 
facts negates the frequent significance of regurgitation m the pro- 
duction of heart failure TJiey do not indicate that at an earlier 
stage of the disease, when stenosis was absent or insignificant, tlie 
regurgitation did not throw a great burden on the heart That 
the latter is actually the ease is indicated especially by necropsy 
observations on children succumbing to heart failure of rheumatic 
causation, m whom one often finds severe incompetence of the 
mitral valve in the absence of stenosis and accompanied by great 
hj pertrophy and dilatation of the left ventricle and auricle Recent 
observations have shown that the opinion formerly held that rheu- 
matic mitral regurgitation without stenosis is a great rarity at 
necropsy is erroneous Thus, m 100 postmortem exammations on 
individuals who succumbed to rheumatic lieart disease before the 
age of twentj-one jears. Bland, ^Vhite and Jones* observed 25 m 
which tlie mitral valve was deformed but there was no anatomical 
stenosis Dana and Reid^*” found that one-balf of all cases of 
rheumatic endocarditis of the mitral valve (ages not gi\ en) show no 
stenosis at necropsy, even in cases known to have been of many 
3 ears’ duration ^Yhlle m my experience the large majont) of 
adults with dynamically significant rheumatic mitral disease have 
revealed both incompetence and stenosis at necropsy, I have seen 
several instances of practically pure mitral regurgitation 
To the writer, as to Sprague and \\Tiite,** it seems that the pendu- 
lum has swung too far against the diagnosis of rheumatic mitral 
regurgitation and the role of mitral Jeaka in the production of 
heart failure has been excessively depreciated To a certain extent 
this IS doubtless a justifiable reaction against the facile diagnosis 
of organic heart disease on tlie basis of merely a sj stolic murmur 
In the pathogenesis of the failure of tlie rheumatic heart various 
factors are summated— myocardial implication, the mechamcal 
effects of valvular defects, and often pericardial disease Among 
these, the mechanical consequences of mitral incompetence are 
often significant, in ways that will be discussed in the next section 
There are many cases m which judicious evaluation of the history, 
the physical findings, and espeaally the roentgen examination of the 
size of the individual chambers enables one to state with fair assur- 
ance that mitral regurgitation is present, and that at the time 
mitral stenosis is either muumal or not functionally significant 
According to the postmortem observations of Bland, ^\hlte and 
Jones, mitral stenosis rarely develops before the third year after 
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the onset of rheumatic infection It should alnajs be borne m 
mind that rhcmmtic heart disease general!} progresses through 
multiple individual exacerbations, and that at one stage mitral 
regurgitation ma} be significant and accompanied bj hard!} an} 
stenosis, subsequent!}, the htter develops and, vvhile diminishing 
the regurgitation, itself throws a new and perhaps more severe 
handicap on the heart 

Pathological Physiology — It is not feasible to measure the 
volume of regurgitation m mitral Icalvs Tlie postmortem appear- 
ance of the valve would indicate that the leak may vary from a 
minute defect which can be of little functional significance to one 
in which the mitral curtains are so retracted and immobile that 
regurgitation must^hc almost as free as if the flaps were absent 
However, postmortem observations do not take into account the 
role of the muscle in regulating the form and circumference of the 
mitral orifice (page 30S), so that the curtains can effect faultless 
closure In man} instances of rheumatic heart disease, mitral 
regurgitation mav well be due not onl} to changes m the valve 
but also to dilatation of the muscle In experimental mitral Iiaks 
Straub^' found that the regurgitation ma> amount to 52 per cent 
of the s}stoIic discharge 

Light has been throw n on the phases of the cardiac c} cle in which 
regurgitation occurs hy the animal experiments of ^Vlggers and 
Fell They found that there is very little regurgitation during 
the period of isometric contraction of the ventricles prior to the 
opening of the sigmoid valves Tins the} attribute to the shortness 
of the isometric phase (0 05 second) and the relatively low intra- 
ventricular pressure during this carl} phase of s}stole, as a result 
of which the inertia of the blood viithin the ventricle is hardl} 
overcome Wiggers and Fell found that regurgitation does not 
begin to be significant until the period of ejection and that it lasts 
not only through this period but also 0 OS to 0 09 second into 
diastole when the aunculo-ventncular valves open They further 
showed that contrar} to what had previousK been assumed, tJie 
duration of neither the isometric contraction nor the ejection phase 
of ventrvcwla,? systole vs altered «v ravtsal wvswfficvewcy 

On the basis of the expenmental findings of Wiggers and Fell 
Straub and others the process of circulatory adjustment m mitral 
regurgitation w ould seem to be about as follows IVhen the rcgurgi 
tation first develops the sjstolic discharge into the aorta decreases 
by tbe volume of the regurgitated blood This volume is added to 
the blood that enters the left aundc from the pulmonarj v ems 
The left auricle and large pulmonarv veins are thus distended and 
the pressure within them elevated Tbe result is that when the 
mitral valve opens diastolic fillmg of the left ventricle takes place 
under greater pressure and the diastolic volume of the chamber is 
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increased In accord ^vith Starling’s law of the heart, the succeed- 
ing s} stole IS more powerful and the sjstohc discharge is augmented 
While part of this regurgitates into the left auricle, the volume 
that IS ejected into the aorta is also increased Bj this mechanism, 
circulatorj compensation is attained in the sense that the sj stohc 
discharge into the aorta returns to normal But the compensation 
invokes increased work for botli the left ventricle and the left 
auricle For the left ventricle must eject not oulv its usual stroke 
volume into the aorta but also the regurgitant stream into the left 
auricle And the left auricle must eject, in addition to its normal 
stroke volume, that portion of the regurgitated blood which does 
not re-enter the left ventricle prior to auncular sj stole purely as a 
result of the higher pressure within the left auricle and pulmonary 
veins Moreover, there is good reason to believe that the intra- 
ventricular tension against which the auricle must emptv is abnor- 
mally high The result is that m mitral regurgitation there is 
initial dilatation of both the left v entncle and the left auricle and 
that hj pertroph) of both these chambers graduallj develops 
The effect of mitral regurgitation on the pulmonarj circuit and 
the right ventricle has been investigated on a number of occasions 
Straub found that the volume of blood in the lesser circulation 
increases following the production of mitral regurgitation, m his 
acute experiments, this pulmonary engorgement was at the expense 
of a decrease in the volume of blood m the systemic circulation 
It would appear that as long as the mitral regurgitation is com- 
pletely compensated by the mechanism described m the preceding 
paragraph, the engorgement affects onl> the lenous half of the 
pulmonar> circuit, the regurgitated blood being accommodated by 
dilatation of the left auricle and pulmonarj veins This concep- 
tion IS supported by the finding of MacCallum and McClure,” 
Straub, and Wiggers and Fed that in well-compensated mitral 
regurgitation the pressures m the pulmonarj arterv and tlie right 
ventricle do not rise above those present prior to the induction of 
the valvular defect Evidently, as long as mitral regurgitation is 
compensated, tlie pressure m the left auricle and pulmonarj veins 
IS elevated during too short a fraction of the cardiac cjcle to influ- 
ence appreciably the tension in the pulmonarj arterj But this 
state of affairs obtains only as long as the functional capacity of 
the left side of the heart is sufficient to compensate for the regurgi- 
tation by the mechanism desenbed above As soon as the left 
side of the heart fads, the pressure in the right ventricle rises 
(Wiggers and Fed), indicating that the engorgement has extended 
upstream to the pulmonarj arterj with consequent rise of pressure 
within that vessel In other words, the experimental findings indi- 
cate that mitral regurgitation per se produces engorgement of only 
the venous portion of the pulmonary circuit, onlj when the left 
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side of tlie heart weakens dots the artcrnl portion of the pulmonary 
circuit become eni,orf,ed with consequent Itj pcrtcnsion in the 
pulmoinry arterj and increase m the work of tlie right \ entncle 
In the follow ing section it will be seen that the same is apparently 
true of clinical mitral rcgur{,itation 

The Compensated Stage of Mitral Itegurgitation —Rheumatic 
mitral regurgitation may be so well lompensated that the bearer 
13 capable of hard work for many }tars and may never develop 
heart failure Untquivocil examples of such a state of affairs like 
the following are not uneommon ihe patient is observed earlj 
m a bout of rheumatic fever and c ireful auscultation reveals no 
murmurs An apical systolic murmur appears becomes louder 
and persists after ilcfcrvesccnce fsevertheless the individual 
feels ciitircl> well c>anosis is absent and dvsjmca is not more tlian 
usual after even vigorous exercise In sucl; cases even careful 
roentgenological study of the heart ii)a> reveal no deiimte enlarge- 
ment of uo of the eh imbers or change m the amplitude of their 
pulsation Tiic licirt rate is ii rmal tlic pulmonic second sound 
IS not accentuated the lung fields arc not cngorgal the pulmonaiy 
circulation time is normal viwl the clcelrotardiogram is not unusual 
The only evidence of mitrvl regurgitation is tlie murmur the 
organic nature of which notdd be uncert un had its evolution not 
been observed In these eases it is to be presumed the volume 
of regurgitation is small Such lc'<ions are observed at necropsy 
onb accident illv when the iiuhvidud succumbs to some inde- 
pendent cause and the slight or moder itc retraction and thickening 
of the mitral curtains or shortening ami fusion of the finer ehordre 
tcndina. are found 'Ihc clinic il significance of such perfectly 
compensated mitral regurgitation la little mure than that it indi 
cates the bearer is predisposeal to further ittacks of rheumatic fever 
or subacute bacterial endocarditis and tJi it the heart dcserv es more 
than the usual attention under struiis like preginnej surgical 
operations or acute infections 

In other cases of wcll-coinpcnsatcd mitral regurgitation there is 
definite enlargement of the left auricle tnd ventricle next 

section) Exertional dj spnea cyanosis tachvcardia and objective 
evidence of pulmonarj engoigcmeiit ma> be absent even thougli 
the apex beat is vv cll outside the mid clav iciilar laic and m the sixth 
interspace Despite such enlargement compensation miy ton 
tinuc to be cxctllcnt for jeats However enlargement sufficient 
to be demonstrable b> palpation and percussion is to be reg irded 
as evidence that the conipcnsatorj mechanisms are being strained 
and heart failure is an ever present danger 

Heart Failure m Mitral EegurgitaUon — Tins valvular defect 
increases the work of the left auricle and left ventricle The incre- 
ment m work IS performed through the mtermediarj of compeiisa 
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tory dilatation and hypertrophy of botli chambers Sooner or 
later, these compensatory mechanisms faij, the left side of the 
heart becomes insufficient, and engorgement of the pulmonary cir- 
cuit results However, the situation is complicate by the fact 
that m the large majority of rheumatic lesions of the mitral valve 
in adults, more or less stenosis develops before heart failure appears 
Both the regurgitation and the stenosis then play their respective 
parts in the pathogenesis of the heart failure, and their relative 
significance v aries in different instances Sometimes, mitral sten- 
osis develops early and the orifice is so constricted as to preclude 
significant regurgitation, the so-called pure mitral stenosis (page 
492) In other patients, there is a long period of mitral regurgita- 
tion, and only after years of repeated attacks of rheumatic fever 
do evidences of stenosis appear, even at necrop&y, regurgitation 
may still be the predominant or even, especially in children, the 
sole, lesion But whether regurgitation or stenosis is the more 
significant, the general pattern of the circulatory failure is the 
same, namely, an initial stage of insufficiency of the left side of 
the heart with symptoms of pulmonary engorgement, followed, if 
the patient does not succumb during this pen^, by failure of the 
right heart with systemic venous engorgemeTit In order to avoid 
repetition, this clinical picture of the circulatory failure of “mitral 
disease" will be described in the section on Mitral Stenosis (page 
503) 

Here it may be pointed out, as already emphasized by Sprague 
and ^Vhlte, that in a patient with auscultatory signs of both mitral 
insufficiency and stenosis, the size of the left \ entncle often affords 
an excellent criterion of which lesion is predominant m a functional 
sense When mitral stenosis develops early m rheumatic heart 
disease and there is little opportunity for significant regurgitation, 
the left ventricle is not enlarged and may even be atrophied (page 
492) The normal or small size of the left ventricle in these cases 
of “pure” mitral stenosis contrasts sharply with the usually huge 
left auricle On the other hand, if the patient has gone through 
a long period of significant mitral regurgitation the left ventricle 
IS enlarged, often greatfy so And even the subsequent dev efop- 
ment of a tight mitral stenosis, which must reduce the volume of 
regurgitation greatly , does not result in the disappearance of the 
enlargement of the left ventricle due to the antecedent period of 
regurgitation— a fact w Inch I have several times \ erified at necropsy 

The enlargement of the left ventricle due to mitral regurgitation 
differs from that in hypertension and aortic valvular disease in that 
It is not initiated selectively in the outflow tract (page 298), but 
apparently starts subjacent to the mitral valve and involves the 
entire left v entncle from an early period The result is tliat both 
the transverse and longitudinal diameters of the chamber are 
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increased the apex being displaced out^^ard and down^^a^d In 
many cases of mitral regurgitation tlie roLiitgen ra\ picture shows 
i well marked shoulder hkt prominence of the upper portion of 
the left border of tlie left \entricle so that the chamber appears to 
be enlarged upward and to the left Tins shadow often merges 
abo\e with tiic shadow of tlie enlarged left luricular appendage 
and somctiines also when the left side of tiie heart has failed 
with the shadows of the enlarged conus of the right \entriele and 
more cephal id the dilated pulmonary artco Ihe bulging of tlie 
upper portion of tlie left ventrieular shadow in the roentgen rav 
corresponds to dilatation of the portion of the left \ entricle adjacent 
to the mitral \al\e wl ich uia\ be quite prominent at the Dccrop3\ 
of an individual with free uutral regurgitation Examination of 
tlie retrocardiao space maj rcvcil a bulging of tlie left auricle in 
patients with predominant mitral regurgitation but this is not so 
marked as in most cases m which stenosis is the dominant lesion 
If the left side of the heart has faded witli resultant pulmonarj 
engurgemeut enlargement of the right ventricle and perhaps the 
right auricle occur whether stenosis or regurgitation is the pre 
dominant lesion of the mitral valve 

MITBAL STENOSIS 

In the preceding sections we have seen tliat in the 1 irge majoritv 
of instances of rheumatic disease of the mitral valve in adults 
stenosis sooner or later becomes the preponderant defect However 
It w as also pointed out that for a long period before the constriction 
attains signiBcance regurgitation raa> have been consequential 
as documented by great enlargement of the left ventricle Apart 
from the exceptional cases m which stenosis evolves with little 
regurgitation— the cases of pure mitral stenosis with a small 
left ventr cle regurgitation and stenosis participite hand in hand 
in tl e pathogenesis of the ultimate circulatory failure aud it is 
rtallv the clinical picture of the combined lesion that will be 
described m this section 

The pathological anatomy of mitral stenosis has already been 
discuss^ 

Pathological Physiology of Mitral Stenosis —Narrowing of the 
mitral orifice must be verv pronounced before it produces a sig 
nificant mechanical obstacle to the circulation Thus m experi 
meats with a mechanic il arculation model Allan' found that 
Narrowing of the mitral onfice to one-quarter of its size reduces 
the inflow to the ventricle a httle and this reduction is easily 
ov ercome bv a small rise in the head of pressure Not rarely one 
finds well marked mitral stenosis at tlie necropsv of an individual 
who had no symptoms of circulatorv failure The mecliai sms 
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Viluch tend to o\ercome mitral obstruction ivill be considered m 
the following 

The filling of the left ventnde does not proceed iMtli equal 
speed throughout its diastole There is first a phase of rapid filling 
early in diastole, then the period of diastasis in ^^hlch little blood 
passes from the auricle to the \entricle, and finally another period 
of more copious filling of the \entriele due to the sj stole of the 
auricle A priori, therefore, although this conception is not jet 
established experimental! j , it would seem that the first effect of 
progressive constriction ol the mitral orifice would be merely a 
prolongation of the initial period of ventricular filling at the expense 
of diastasis The velocity of ventricular filling would thus be less, 
but would be atoned for bj prolongation of the initial period of 
ventricular filling into diastasis Moreover, Katz and Siegel*‘ 
have found that the duration of ventricular sv stole is decreased m 
experimental mitral stenosis, which also tends to prolong the time 
available for diastolic filling of the ventricle \\itli still greater 
constriction of the mitral orifice, this mechanism of prolongation of 
early diastolic filling into diastasis would no longer suffice and the 
left auricle would be preternaturallj distended at the onset of 
auricular sj stole According to Starlings law of the heart, this 
distention of the auricle evokes a more powerful s> stole of the 
chamber, with the result that the larger volume of blood is ejected 
into the ventricle despite tlie greater resistance due to the mitral 
obstruction In brief, it would appear that the initial mechanisms 
tending to overcome constriction of the mitral orifice are (1) Pro 
longation of the initial period of ventricular filling into diastasis, 
and (2) more powerful contraction of the left auricle through the 
intermediacj of dilatation and ultimately hjpertrophv of the 
chamber 

As long as these mechanisms per se suffice to maintain the v olume 
of ventricular filling, the effects of the mitral obstruction on the 
pulmonary circuit are not great Straub** has found that under 
such conditions, the pressures in the pulmonary arterj and right 
V entricle are not elev ated d^pite an increase in tlie total v olume 
of blood within the pulmonary circuit, evidently, the increment in 
the blood content of the pulmonarv vessels is accommodated m 
the venous half (page 210) But the experiments of Gerhardt** 
show that if the stenosis is of sufficiently high degree, or the total 
blood volume is elevated by means of an intravenous infu»ion, the 
engorgement of the pulmonarj circuit becomes so marked that it 
IS no longer confined to the venous half and the pressure in the 
pulmonary arterj rises., with resultant increase m the work of the 
right ventricle In Gerliardt’s mcpenments, when the pressure in 
the left auricle exceeded about 7 cm of water, tlie tension in the 
pulmonarv arterj rose A rise m the pressure in the left auricle 
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of some such order doubtless occurs in humiii mitral stenosis when 
the compensatory mechanisms described in tlie preceding paragr iph 
fail Ihen Uic engorgement of the pulmoiiirj circuit extends to 
the pulmonary artery with rcsultmt increase m the work of the 
right ventricle, which is performed by means of dilatation and 
hypertrophy of this chamber 

rrom the point of view of urculatory iKnamics, then ope might 
anticipate three stages of mitr il stenosis 

1 An initial stage of faultless compensation in whicli prolonga- 
tion of ventricular filling into diistosis ind increased work of the 
left auricle w untain the rvtc of filling of the left ventricle ihere 
IS no engorgement of the arterial side of Uie pulmonary circulation 
and coiisecjuently no liypertropbv of the right side of the heart 

2 A stage of failure of the left side of the heart with pulmonary 
engoTgcinent hypertension in the pulmonary artery ind resultant 
hypertrophy of the right ventricle 

3 A tcrmmil stage of failure of the right side of the heirt in 
whicli systemic venous engorgement is supcnddc'd to the into- 
cedent congestion of the lesser circulation 

In the majority of cases of mitral stenosis the succession of these 
three stages can be traced Ihit this usual natural history ’ of 
mitral stenosis may be interrupted it any stage bv embolism or 
otlicr complication goes without saying rurther, tlierc are also 
many patients in wlium dceompcnsitioQ is initiated by the mani- 
festations of the tliird st4age without a clinic illy disccrmblo mter- 
mctli ite phase of isol ited insufficiency of the left side of tlie heart, 
as will be pointeal out below (page 504) this is usually due to the 
precipit ition of heart failure bv the development of auricular fibril 
lation 111 a previously well compensated jnticnt 

The Compensated Stage of Mitral Stenosis —Occasionally, 
auscultation yields uncquiviHj] evidence of mitril stenosis m in 
indiv idual w ho is not short of breath or cy anotic and may not ev eii 
be aw ire that he has a cardiac lesion Such ctccllent compensation 
for mitral obstruction may last for a long time Thus, I had under 
my care for more than eight \ears a man aged sixty vears with 
a rumbling apical murmur lasting throughout diastole and terminat- 
ing in seemingly crescendo ftshion in a snappy first sound, tins 
murmur was detecteel forty years before, and vet the man had never 
had any cardiac symptoms Notwithstanding such cises pro- 
tracted faultless compensation is not nearly as common m mitral 
stenosis as the same state of affairs lu aortic v alvular lesions of mitral 
regurgitation Tins has been attributed to the fact that the com 
pensation of mitral stenosis is not tarried out by the powerful left 
ventricle as in the case of the other lesions 

In most of the totally a^mptomatic cases of mitril stenosis that 
I hav e seen, the pulmonic second sound has not been aceentu ited, 
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and fluoroscopic examination revealed little, if any, enlargement of 
the left auricle or right ventricle, and no evidence of pulmonary 
engorgement Presumably, such flndings most often indicate that 
the stenosis is not marked However, it is not very rare to be 
surprised at necropsy by tight mitral stenosis which apparently 
had given no symptoms during life Perhaps in such cases the 
stenosis evolves so slowly after a smgle attack of rheumatic fever 
that opportunity is afforded for hj^pertrophy to substitute for dila- 
tation of the left auricle when the latter is of relativ ely slight degree, 
and the hypertrophy compensates for the stenosis so effectively 
that pulmonary engorgement is averted 

Even though the patient vvitJi mitral stenosis is so well compen- 
sated, nevertheless he, or more often she, is threatened by various 
dangers Among these is the development of subacute bacterial 
endocarditis — a complication that, for reasons which have not been 
elucidated, threatens mostly individuals without heart failure 
(Libman**) Also, although this is rare in well-compensated cases 
with regular rhythm, thrombi from the left auricle may embohze 
with resultant hemiplegia or other manifestation Paroxysmal or 
permanent auricular fibrillation or flutter may develop without 
impairing the state of compensation, the change m rhythm may 
be apparent only to the physician, or the rapid or irregular heart 
action may be evident to the patient Respiratory infections are 
more apt to be followed by bronchopneumonia or bronchitis m 
individuals with even well-compensated mitral stenosis than m 
those without a cardiac lesion 

Much more common m mitral stenosis is a state of tolerable, 
though not faultless, compensation While the capacity for exer- 
cise 13 definitely diminished, it is nevertheless sufficient to permit 
an occupation which is not arduous, the performance of housework, 
or passing through pregnancies Usually, slight cyanosis is present 
and produces tlie “mitral flush” on the malar eminences which may 
reveal the condition at a glance The pulmonic second sound is 
accentuated, enlargement of the left auricle and nglit ventricle 
may be demonstrable, and the pulse ts often small It is evident 
in such cases that the pulmonary circuit is engoiged, with rise m 
pressure in the pulmonaiy artery, and the second line of defense in 
the form of dilatation and hypertrophy of the right v entncle has 
been called into action ^YhIle this state of affairs may continue 
for a number of years, nevertheless it constitutes the transition to 
decompensation, and the patient is always m danger 

The General Course of Heart Failure m Mitral Stenosis —As 
might be anticipated, circulatory' failure in mitral stenosis is gener- 
ally initiated as isolated insufficieniy of tlie left side of the heart 
Dy spnea, less often cough or hemoptysis, ushers in the heart failure, 
and the objective findings are confin^ to cyanosis and other conse- 
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quences of pulmonary engorgement In contrast, tHe systemic 
veins are not engorg^, the liver is not swollen and tliere is no 
edema Tins stage of isolated left heart failure may last from a 
short time to many years, with or without exacerbations and reinis* 
sions Uxeeptionally, deatli oceurs during this phase of left-sided 
failure from bronchopneumonia or utlier complications of pulmo- 
nary engorgement, as a result of embolization of thrombi from the 
left auricle, from subacute b icterial endocarditis, or from intercur- 
rent ailments 

Much more often, however, the patient reaches a sc'cond stage of 
heart failure marked by the supenmposition of msufficieucy of the 
riglit ventricle on the pre-exislent left-sided failure Climcallj , this 
is doeumentccl by engorgement of tlic systemic veins, drawing in 
its wake swelling of the liver, edema and serous effusions That 
most patients with mitral stenosis ultimately develop insufficiency 
of the right \cntncle is not surprising, for this valvular lesion is 
the cause par excellence of tnark^ and protracted hypertension of 
the lesser eirculatiuii In no other condition does one encounter 
such loud accentuation of tiie pulmonic second sound, testifying 
to the high tension m tlie pulmonary artciy against which tlie right 
ventricle must empty And at the necropsy of one who has long 
suffered from mitral stenosis, the atheromatous and sclerotic changes 
in tlie pulmonary arteries and veins and the hyahnization of the 
pulmonary arterioles— in sharp contrast to the absence of these 
lesions in the aorta and its tributaries— bear witness to the long- 
standuig hypertension of the lesser circulation In mitral stenosis, 
the Eight ventricle is confronted by rautli the same task as the left 
ventricle in systemic hypertension, and sooner or later gives way 

The large majority of patients with mitral stenosis run the 
course just described, namely , initiation of cardiac failure as isolated 
insufficiency of tlie left side of the heart with subsequent develop- 
ment of right ventricular failure Even when the patient first 
presents herself because of swelling of the feet or anotJier symptom 
of Tight-sided failure, careful interrogation almost alwavs elicits 
previous dyspnea on exertion Exceptionally, however, the circu- 
latory failure of mitral stenosis is ushered m abruptly witli a symp- 
tomatology including such characteristic manifestations of right 
ventricular insufficiency as swelling of the systemic veins, rapid 
enlargement of the liver, and dependent edema In such cases, 
the heart failure is generally precipitated by the onset of auricular 
fibrillation This arrhythmia may dimmish the output of the right 
ventricle so greatly that, despite the equal impairment of the left 
ventricle and the presenci. of the mitral obstruction, so httle blood 
13 pumped per minute from the venre cavie to the pulmonary circuit 
that the manifestations of pulmonary engorgement are relatively 
slight in comparison to those of ^temic venous engorgement 
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The Individual Symptoms of Heart Failure m Mitral Stenosis — 
Dyspnea —Almost e% ery patient with mitral stenosis suffers from 
dj spnea at one period or another of the disease The dj spnea is 
nearly always exertional ^Vhlle the shortness of breath on exercise 
may be accompanied by nocturnal paroxy sms of cardiac asthma, it 
IS rare m mitral stenosis, contraiy to arteriosclerotic or hypertensi\ e 
heart disease, for paroxysmal dyspnea to occur i\hen exertional 
dy spnea is slight 

Shortness of breath on exertion is the most common initial symp- 
tom of mitral stenosis, and generally the one which brings the 
patient to the physician Further, as already mentioned, when 
swelling of the feet or some other symptom is the principal com- 
plaint, questioning usually reveals that the capacity for exercise 
had previously been restricted by dyspnea Most often, the 
dy spnea is insidious in onset, and at first noticed only on climbing 
stairs or some unwonted exertion Such slight dyspnea on exertion 
may be the only complaint for years, even decades ^\Tien mitral 
stenosis dates back to youth, the patient may state that she has 
“always” been short of breath, and usually has unconsciously 
adjusted her way of life to what she considered merely one aspect 
of the general weakness and retardation of development from 
which these patients suffer On the other hand, the dyspnea may 
set tn acutely and violently , this is especially apt to be the case 
when heart failure is precipitated by auricular fibrillation, during 
pregnancy, or by overexertion Rapid aggravation of dyspnea tn 
mitral stenosis may be due to vanous causes, notably change in 
rhythm, hydrothorax, such pulmonaiy complications as broncho- 
pneumonia, infarction, or edema, exacerbation of rheumatic fever, 
development of pericarditis, or massive thrombosis m the left 
auricle Sudden swelling of the liver may render breathing very 
painful and thus augment dyspnea 

In a general way, the dyspnea of mitral stenosis parallels the 
seventy of the pulmonary engorgement Verv intense dyspnea is 
often encountered in patients with isolated failure of the left side 
of the heart and no sv stemic venous engorgement In such patients, 
the dyspnea may become much Jess agomzing when the right ven- 
tricle gives way with engorgement of the ven» cavse and their 
tributaries, objectively, they are worse, but subjectively they feel 
better for the time being 

Orthopnea almost always accompanies dyspnea of any consider- 
able seventy m mitral stenosis Indeed, patients with relatively 
slight dy spnea on exertion and able to attend to busmess may need 
several pillows at night, this state of affairs may continue for years 

Cough IS a common complaint m mitral stenosis and mav be very 
severe Most charactenstic is a cough which is brought on by 
exertion But very often the cough occurs in paroxysms with no 



500 INSVtFICIENCY Oh THE LEFT AIDE OP HEART 

obvioub relation to exercise, and it maj be A\orse at night The 
cough IS most often n manifestation of insuHicicncy of the left side 
of tile heart and results from bronchial and pulnionarj engorge- 
ment (page 21 i) Iloweaer, m some cases the cough is probablj 
due to pressure on the inniii bronchi by the dilated left auricle, 
which IS often c\ident m the roentgenogram The cough may be 
dry or productive, the characteristics of the expectoration, which 
maj be blooilj Invc already (page 214) been described Tlie 
cough 13 often worse m winter and alleviated b> a warm climate, 
presumably, see-ondarj bronchial infection readily develops on the 
basis of the engorgement Uarciv, cough indicates the onset of a 
paroxjsin of pulmonary edema The cough expectoration and 
licmopt^sis lead not mfrcquentlv to a mistaken diagnosis of tuber- 
culosis or broncliitis in cases of mitral stenosis In such mstances 
the shadows ui the roentgen ray picture due to pulinonarj engorge- 
ment have been mistaken for tubercles, an error which should 
hardl> occur 

Ilemoptyaia is a e'ommon manifestation of pulmonary engorge- 
ment m mitral stenosis and ma> be the mvtnl symptom of the 
disease The blood spitting ranges from merely streaky sputum 
to massive hemorrhages which maj even be fatal (page 215) 
A patient who has once had hcuiopt^sis in mitral stenosis tends 
to have it repcatcdlj, while other individuals never expectorate 
blood despite intense pulmonary engorgement Hemoptysis other 
than tint due to gross infarction is even more common during the 
stage of isolated or preponderant insufficiency of the left side of the 
heart than after the right ventricle has given way with resultant 
svstcinic venous stasis I have twice seen hemoptysis first appear 
after successful digitalization in patients with mitral stenosis and 
auricular fibrillation had cleared up svstenne venous stasis These 
plienoinciia arc prcsumablv correlated w ith the role of hypertension 
of the lesser circulation in producing Uie hemoptysis of mitral 
stenosis Some patients have several massive hemoptyses at con- 
siderable intervals, while between the hemorrhages they are able 
to be up and about witli no other complaint than that of dyspnea 
on exertion Thepathogcncsis of hemoptysis m pulmonary engorge- 
ment has already been discussed (page 210) 

Palpitation probably ranks next to dyspnea m frequency among 
the syanptoms of mitral stenosis It may occur with either regular 
or irregular rhy thm The coosaousness of tlie heart s action gen- 
erally first appears after exertion or excitement but may occur at 
rest some patients are disturbed by it only when in bed at night 
Palpitation may be especially annoying at the onset of auricular 
fibrillation, before the patient has become accustomed to the new 
rhythm On the other hand, there are many mdividuala with 
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auricular fibrillation, even with a rapid rate, viho are not aware of 
the irregularity of the heart’s action 

Precordial pain is rarely a prominent constituent of the clinical 
picture of mitral stenosis However, some of the patients complain 
of pain, usually described as an ache, after exercise Sometimes, 
there is a continuous ache Severe anginal attacks are extremely 
rare, and generally indicate complication with coronary arterio- 
sclerosis or aortic \ alvular disease The rarity of anginal pain in 
relatively pure mitral stenosis, despite the frequently small cardiac 
output IS perhaps accounted for by the small size of the left ven- 
tricle, as a result of which mjocardial ischemia does not readily 
occur Sternberg^* has described a case of mitral stenosis with 
angina pectoris, in which he attributed the pain to compression of 
the left coronaiy artery by the dilated left auricle, the explanation 
seems scarcely convincing Another ingenious, but unsupported, 
hypothesis is that of Hochrem and Eckardt,'* who suggest that 
anginal attacks in mitral stenosis may be due to shortening of the 
chordas tendmie, which results m traction on the aortic flap of the 
mitral valve and through it on the left sinus of Valsalva, therebj 
narrowing the mouth of the left coronary artery On extremely 
rare occasions, the onset of auricular fibrillation or paroxjsmal 
tachjcardia is accompanied by violent cardiac pain I saw a mah 
m hi3 thirties with a history of long standing but well-compensated 
valvular disease, who was admitt^ to the hospital with agonizing 
precordial pain and symptoms of shock, m consequence of which a 
diagnosis of coronary thrombosis had been made He had auricular 
fibrillation with an extremely rapid ventricular rate Digitalization 
quickly slow ed the heart w ith complete disappearance of the anginal 
pain within twenty-four hours Then it was found that he had 
mitral stenosis, but there was also a second diastolic murmur of 
aortic regurgitation 

Occasionallj , patients with mitral stenosis complain of an ache 
between the left scapula and the spine, there ma> be tenderness m 
this area Vaquez*^ attnbutes these phenomena to pressure bj a 
dilated left auricle 

^Vhen the right ventricle fails, swelling of the liver may give rise 
to pam, tenderness and rigidit> in the right upper quadrant and 
epigastrium If the distention is rapid and marked, as at the onset 
of auricular fibrillation, the pain may be very severe and accom- 
panied by vomiting, such cases have been confused with gall-stone 
colic Ihe pam of a distended liver may radiate to the right 
scapula and shoulder 

Hoarseness due to paraljsis of the left recurrent larjngeal nerve 
IS a rare sjTnptom of mitral stenosis Ortner,*^ who originally 
described the phenomenon, attributed it to compression of the 
nerve bj the dilated left auricle This explanation was disproved 
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bj tlie careful anatomical studies of Ictterolf and Jvorris * who 
showed tint the nerve 13 compressed bj the left pulmonarj artery 
On the basis of observ aliens on *1 cases of left recurrent laiyngeal 
palsj m the left ventricular fadure of arteriosclerotic heart disease 
King Hitzigand the writer®* believe that this palsy m mitral stenosis 
also 13 a symptom of high tension in the pulmonary artery due to 
insufficiency of tlic left side of the heart The high pressure m the 
left pulmonary artery produces a dynamic dilatation of the vessel 
as a result of which Uie left recurrent laiyngeal nerve is compressed 
as it passes through the triangle bounded by the left pulmonary 
artery the arch of the aorta and the ductus arteriosus 

On very rare occasions dysphagia of slight degree results from 
compression of the esophagus by tlie dilated left auricle However 
m tlie vast majontv of instances in which compression of the 
esophagus bv tlie left auricle is demonstrable fluoroscopically after 
the administration of barium subjective disturbances of deglutition 
arc not present 

Weal ness is a common «oroptom even wlien the mitral obstruc- 
tion is sufficiently w cll compensated to enable the patient to be up 
and about Kut rarelv a girl or young woman complains of weak 
ness an i unsuspected mitral stenosis 1 $ found In these patients 
if the mitral stenosis has been present since early life there are 
often evidences of cardiac infantilism in the form of retardation 
of the development of the secondary sexual characteristics and 
skeleton 

Mcnslnial duhiThances arc very common in women with mitral 
stenosis 

Cyanosis is very frequent in mitral obstruction Even when able 
to be up and about many of the patients exhibit a bluish red tinge 
of the malar eminences and cyanotic bps— the mitral facies Slight 
or moderate cyanosis may persist for years The cyanosis may be 
combined with slight jaundice— cyanotic icterus Chrome cyanosis 
m patients whose dyspnea is not severe enough to keep them in 
bed IS probably due to interference w ith gas exchange by alterations 
m the pulmonary capillaries and alveolar walls resulting from long 
standing engorgement of the lungs and which appear at the necropsy 
table in the form of brown induration (page 210) The preponder 
antly pulmonary origin of the cyanosis m many of these cases is 
ind cateil by the decreased oxygen saturation of the arterial blood 
and by the alleviation of the cyanosis m the oxygen tent However 
m an investigation of 20 cyanotic patients with mitral stenosis 
Cossio and Berconsky* found that augmented delivery of oxygen 
in the capillaries was always assoaated wath the pulmonary factor 
m the production of the cyanosis amd that m some of the cases the 
peripheral mechanism was alone responsible for the discoloration 
Predominance of cy anosis over dyspnea presumably indicates that at 
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the time interference with the aeration of the blood is relatively 
more significant than is elevation of pressure m the pulmonarj cir- 
cuit "Witli severe heart failure, the cjanosis maj become very 
intense Infarction bronchopneumonia, and pulmonary edema are 
common causes of rapid aggravation of cvanosis m mitral stenosis 
The remarkable cv anosis that results from occluding thrombi m the 
left auricle will be discussed below 



Flo 19 — Puimotiary engorgement in a pat ent mth mitral stenos 3 auricular 
fibrillation and bomoptye s The area of increased density under the right clavicle 
simulating a tuberculous mfraclai cular ies on cleaied up after three days of bed 
rest and d gitaluation 

Pulmonary engorgement is an immediate and constant consequence 
of heart failure m mitral stenosis The manifestations of pulmonarj 
engorgement dominate the clinical picture throughout the course of 
almost everj case of mitral stenosis and most of die patients ulti 
matelj succumb to one of the complications of pulmonary engorge- 
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inent— liroiichojiucuinoma pulmonan cdeini, or infarction Tlie 
clinical picture of piilniomn eiigoi^mcnt nid of these com- 
pile itioiis has ilreid\ been described (Chiptcrs XIII ind \1\) 
It should ihi i\s be borne in mind in cviluituig the stitus of a 
piticnt with iiiitril stenosis tint there line be intense piiliiioinr) 
engorgement with few plnsitil signs Isptciill> worthy of eiii- 
phisis IS tint rales it the Iiises nrc not ilw ivs present in c%cu 
severe pussive congc“ation of the lungs Acccntu ition of the pul 
inomc second sound ni iiutril stenosis indicates a considerable degree 
of pulmoinrv engorgement for it shows th it the tension m the 
pulinonarv irterv has risen lud we have seen (page 501) tint rise 
of pressure in the pultnoiurv irterv dots not result from mitral 
obstruction per ae but indit ites iiisiiffitienev of the left side of the 
heart 1 luoroscoinc wvi mentgenogr iphit cxamin \tson ot the lulus 
shidows uid lung fields often rtvtiU severe pnlinonirv engorge- 
iiunt when it is not evident from the phvsical cMininition Mea- 
surement of the puliiioiiirv eireulition time (pige 55) ind the vital 
capaeitv often ilTords \ ihiihle infornution regirding tlic seventy 
of pulmoii ir\ eiigorgcmeiit in mitral stenosis \\t have repeatedlj 
illuded to die striking f ict that the clinical in imfcst itioiis of pul 
nioiurv engorgement dvspnea ortliopnei ind hernoptjsis— m i> 
be most severe during the stage of isohteil insiiffieicnev of the left 
side of thelieart and become imnh less sev ere when the right ven 
tnclc fails with result uit engorgement of the svstemie veins and 
liver 

Pulmonirv edema ind eanliie astlmu m initril stenosis hue 
been discussed m Ch iptcrs \ UI uwl \l\ Here it m vj, be rt jit eteel 
lliat the cliief danger of acute ind missive pulmonirv edema in 
mitral stenosis— which is rare is during pregn inev or followang an 
unusual exertion 

The Heart— Ihe changes in the inorphologv of tiie heart pro 
ducedbj mitril stenosis are gintrallv charicteristic llowcvtr thev 
are most often not demonstrable bv percussion and ire then first 
rev ealed b\ fluoroscoinc examm ition 

In most well comptnsateil cises of imtril stenosis is well as 
maiiv of tiiosc with '•evere heart failure even skilful 2 rrciissioii 
reveals no definite abnonnalitv m the tarduc borders The reason 
for this relativ e importance of percussion in mitral stenosis is th it 
the first effect of mitral obstruction on the heart is di! it ition and 
hj pertrophv of the left auricle Since enlargement of tins chamber 
occurs almost entire) j deep m the thonx posterior to the rest of the 
heart (page 371) it cannot be demoustritcd bv percussion of the 
anterior surface of the chest While tlie tip of the dilatcil left 
auricular appendage in ij ipproach the anterior chest w ill tins is 
harellv demonstrable bv percussion On extremclv r ire occasions, 
great dilatation of tlie left auricle produces an area of dulncss poste- 
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riorlj bet\seen the spine and the scapula ^Vhen the anterior per- 
cussion outline of the heart is altered m mitral stenosis, it indicates, 
apart from complication bj aortic valvular or other disease, one or 
more often both of two things 

1 That the left \ entricle is enlarged as a result of a long period 
of dj namically significant mitral regurgitation prior to or pan pa^su 
with the evolution of the stenosis Then the heart is enlarged 
downward and to the left It is to be borne in mind that when 
stenosis has been the preponderant lesion of the mitral valve almost 
from the start, the left v entncle is not enlarged and may be atrophied 

2 That the right v entricle and perhaps also the right auricle is 
enlarged Enlargement of the right ventricle begins in the region 
of the pulmonary conus and this result in outward extension of the 
cardiac dulness in the third left interspace— but such demonstration 
of “mitralization ’ bj percussion has seemed to me rarelv, if ever, 
uneqmvocal ^Vhen sufficiently marked, enlargement of the right 

V entricle results in increase m the right and left maximum transv erse 
diameters of the heart The dilatation of the right auricle which 
follows dilatation of the right ventricle further displaces the right 
border to the right With pronounced hypertrophy of the right 

V entricle there may be a powerful precordial heav e over the chamber 
and epigastric pulsation 

Roenigenological examination is usually very informative and 
occasionallv establishes the diagnosis of mitral stenosis when this 
is not otherwise feasible The roentgen picture of the heart vanes 
with the progress of the cardiac failure In a broad way, three 
“roentgen stages ’ of mitral stenosis may be differenticated 

1 There are exceptional instances of mitral stenosis definitely 
proved by auscultation in which careful roentgenological examina- 
tion reveals no abnormality of the cardiac contours These patients 
are almost always well compensated, evidentlv this is accomplished 
by hypertrophv wnth so little dilatation of the left auricle that 
enlargement of this chamber cannot be demonstrated vi vivo 
although practically always found at postmortem 

2 JIuch more often, roentgenological examination reveals the 
changes m the cardnc contour resulting from enlargement of the 
left auricle The patients m whom dilatation of the left auricle 
but not enlargement of the right ventricle can be show n by roentgen- 
ray examination may be quite well compensated, or they mav suffer 
from dyspnea and other consequences of failure of the left side of 
the heart The enlargement of the left auricle may be revealed 
on dorso-v entral illumination 1^ straightemng or even bulging of 
the recess on the left border of the cardiac shadow above the left 

V entricle, this is due to enlargement of the left auricular appendage, 
the density of which may be enhanced by organized thrombi In 
other cases, dorso-v entral ill umina tion reveals no definite abnor- 

32 
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mihtj dcspitt conbidcraWe ciilargtuicnt of the left auricle Ihe 
di! itition of this clumber is demonstritcil by examination of the 
rttrocirdnc spate with tlie patients rii,ht shoulder to the screen 
the ddvtwi left luncle tl^cn bulges into the cleat retrocaniiac 
spate 1 or ilttails of the fin fmj^s the reader is referred to page 371 
If the left atiitriclt is enlarged this indicates a considerable preted 
mg stage of significant mitral regurgitation or some other compbea 
tion In the cases of relatively pure mitr il stenosis seen mostly 
mvoung girls the left \entriclt is not enlarged indeed itrophj of 
the chamber imj be e\ idcnt from the roentgen findings 
3 In the third group of coses eiJargemeiit of the right ventricle 
and pcrhajis ilso of tlie right auricle is added to the enlargement of 
the left luncle Sviiiptoms of heart failure are present although 
the\ ma\ consist onlj m djspnea on exertion The enlargement of 
the right ventricle begins m the region of the pulmonary conus and 
the 1 itter is usuallj the principal element in the bulging of the left 
border of the heart know n is nutraUr lUon 1 he pulmonary conus 
IS prominent not onl> because of enlargement but also because of 
the rot ition of the he irt to tlic left and bad ward due to the enlarge* 
meiit of the right ventricle (page 370) However prominence of 
the puhnomir^ conus is not Uie onK clement m mitralization 
enlargement of the left auricular appendage and dilatition of the 
pulmonarj arters arc usuallj also concerned and jn some cases 
the latter is predominant (page 407) Greater enlargement of the 
right ventricle is charactcnzcd by extension of the cardiac shadow 
not only to the right witli increase in the right maximum transverse 
diameter but also to the left with outward displacement of the apex 
When the right auricle becomes dilated the right border moves 
still further outward and often 13 more rounded tlnn usual It 
should be remembered that m cases of mitral stenosis w ith extreme 
dilatation of the left auricle this chamber forms a large part of the 
right border of the heart (page 373) 

In some cases of mitral stenosis the aortic knob is hardlv dis- 
cernible on dorso ventril illumination This is due largelj to rota 
tion of the heart to the left and backward as a result of enl irgeinent 
of the right seiitiicle But -where the stcuosia la tight at an earl> 
age the vorta is actually hypoplastic as a result of the small \ olume 
of blood that passes through it 

it scidiatwn —In the vast majority of instances the diagnosis of 
mitral stenosis is estiblished by the characteristic murmurs In 
addition the auscultatory findings may afford v aluable information 
concerning the functional capacity of the heart and the nature of 
the disturbance in circulatory dynamics 

Rhythm —iSlitral stenosis maj run its complete course including 
a long period of heart failure with regular rhythm In probably a 
majority of the patients however this is not the case Auricular 
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fhnllation occurs m a higher proportion of cases of mitral stenosis 
than of any other form of cardiac disease, 60 5 per cent of De Graff 
and Lingg’s“ patients with mitral stenosis developed auncular 
fibrillation The fact that auricular fibrillation is more common 
when rheumatic heart disease results m mitral stenosis perhaps 
indicates tliat the high tension in the left auricle plays some part 
in the pathogenesis of the arrhythmia hlost often, auricular fibril- 
lation in mitral stenosis is continuous from the start, when it is 
paroxysmal, it usually becomes continuous before long Frequent 
auricular extrasystoles sometimes portend the onset of auricular 
fibrillation hlost often, auncular fibrillation— apart from the par- 
oxysmal form which occasionally occurs during acute rheumatic 
fe\ er— develops only after rheumatic heart disease has been present 
for many years The statistics of De Graff and Lmgg show that 
the incidence of auricular fibnllation increases with the duration 
of rheumatic affliction of the heart, and that, contrary to what has 
been thought, the arrhythmia occurs with the same frequency in 
children as m adults who have had heart disease for the same length 
of time Sometimes, the patient with mitral stenosis is well com- 
pensated until the development of auricular fibrillation, which 
precipitates heart failure, and may indeed first call his attention to 
the presence of heart disease In other cases severe heart failure 
develops while the rhythm is still regular, the addition of auncular 
fibrillation may then intensify the cardiac insufficiency or exert 
little apparent influence on the condition of the patient Despite 
striking exceptions in which the patient gets along well with digitalis 
for a decade or more, the advent of fibrillation of the auricles 
usually ushers in the last phase of rheumatic heart disease This, 
as pointed out by De Graff and Lingg, is largely due to the fact 
that auricular fibrillation generally supervenes only after the rheu- 
matic disease has existed for many years, as they put it, ‘ the die 
has already been cast before auricular fibrillation sets in " This 
applies especially to those who must work hard, among persons 
who can take adequate rest, the likelihood of survival for five, ten 
or even more years after the onset of auricular fibrillation is not 
so remote 

Auricular flutter and paroi^smal tachycardia complicate mitral 
stenosis far less often than does auricular fibrillation 

Amcultatory Findings in Compensated Mitral Stenosis —Most 
well-compensated patients with mitral stenosis have a murmur that 
IS characteristically low pitched and rumbling, quite closely confined 
to the vicinity of the apex,* and lasts from shortly after the second 
sound throughout diastole to terminate with a presy stohe accentua- 

* The relatavcly email area o>ef wbidt many loud mitral stenotic murmurs are 
audible IS ono of the facts which negate tim view advocated by Cabot* that the 
distanco which a murmur is transmitted is purely a function of its loudness 
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t\on m the first sound If a third sound is audible, it mil be noted 
that the murmur begins nith this and not directly after the second 
sound Usually the murmur is better heard with the patient m 
the reclining position and generally is more evident when he lies 
on tlie left side Often the murmur is brought out or accentuated 
bj exercise or the inhalation of amjl nitrite the shortening of 
diastole incident to these maneuvers involves corresponding accel- 
eration of blood flow from auricle to ventricle, vvhidi apparently 
favora the production of tlic murmur by the mitral obstruction 
When the heart rate is slow tlie murmur may be audible for only 
a short period following the second sound and in prcsjstole, pre- 
sumably tlie blood current traversing the mitral orifice is sufficiently 
rapid to produce sonorous vibrations during only these phases of 
a long diastole and not during the intervening diastasis (page 293) 
In other cases only a presystolic murmur is audible which would 
seem to indicate that the auriculo ventricular blood current is rapid 
enough to produce a murmur only during auricular systole I have 
repeatedly, though not invariably observed that when the murmur 
of mitral stenosis first appears m a patient who has been followed 
after acute rheumatic fever it is confined to prcsystole at ordinary 
heart rates Nevertlieless from such obscrv ations one is not justi 
fied in concluding that a purely presystolic munnur is indicative 
of relatively slight obstruction for it may also occur with tight 
mitral stenosis llie murmur is afTected by heart block, when the 
conduction tune is greatly prolonged there may be a perceptible 
interval between the end of tlie murmur and the following first 
sound whileanauriciilarsystolewhichisnotfollowedby aventricu 
lar contraction may produce an isolated murmur 

The rumbluig apical murmur in the middle of diastole or extending 
up to the first sound uilh seetning presyetohe accentuation has long been 
regarded as characteristic of mitral stenosis although it has been recog 
luzcd that a similar munnur could result from aortic regurgitation (page 
478) or from anemia (page 577) Uccently however Bland, White and 
Jones’ found Uiat in GS patients mth mitral diastolic murmurs who sue 
cumbed before the age of twenty-one vears ^ revealed at necropsy either 
no deformity or at most tmnunal tbicMomg of the free edge of the mitral 
flaps in only 2 of these was there sufficient aortic incompctoncy to suggest 
the pos'ubihty of a Flint murmur The writer has also repeatedly heard 
rnitral diastolic murmurs wiVhm a few months after the onset of apparently 
imtial attacks of rheumatic fever before sufficient tune had elapsed for 
the development of significant mitral stenosis Bland and his associates 
believe that these murmurs result in some way as yet enUiely obscure 
from the dilatation of the left ventnete which was present in all meir cases 
But this scarcely seems compatible with Uie absence of similar murmurs 
m the left ventricular dilatation of hypertension and coronary arteno 
sclerosis To the writer it would seem more likely though as yet without 
proof that the murmurs may be due to early rheumatic changes m the 
mitral curtams which dumnishUteirfirabiiity so that the auriculo- ventneu 
iar blood current sets them into audible vibration 
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The murmur of mitral stenosis is accompanied by a thnll in some 
three-quarters of the cases Rarely, the thnll is more evident than 
the murmur and, according to Mackenzie,** a slight thrill may 
precede the murmur by several years as the lesion is evolving 
Lichtenstern** stated that when the vibration frequency is above 
480 per second, the murmur is audible but the thrill not palpable, 
while when there are less than IG vibrations per second the reverse 
IS true 

The diastolic murmur terminates abruptly m a characteristically 
loud and snappy first sound It is apparently this sudden termina- 
tion m a loud sound that creates the usual auditory impression of a 
crescendo murmur, which is not supported by the phonocardio- 
graphic findings The snappy first sound is palpable as an abrupt 
apical shock The snappy character of the first sound has been 
attributed to a rapid systole resulting from the small filling of the 
left ventTicte, Katz and Siegel^^ have shown that in acute experi- 
mental mitral stenosis the ejection phase of \entricular systole is 
actually shortened This conception of the pathogenesis of the 
snappy first sound is supported by the fact that a similar first sound 
13 often heard m auricular fibnllation when a senes of beats follow 
rapidly on one another, while when the rhythm is slower the first 
sound 13 of the usual character Others attribute the snappy first 
sound to the tension of the sclerotic mitral daps 

The first sound is followed in the majority of tlie cases by a 
systolic murmur, doubtless most often due to mitral regurgitation 
However, a systolic murmur is lacking m many cases m which an 
enlarged left ventricle points to concomitant mitral regurgitation, 
or in which the postmortem findings indicate such a mitral leak 
Indeed, Coombs* states that a systolic murmur was not heard in 
46 7 per cent of his cases of mitral stenosis a percentage which seems 
higher than my experience 

In faultlessly compensated cases of mitral stenosis, the second 
sound 13 natural Accentuation of the pulmonic second sound, 
which 13 present m most patients with mitral stenosis indicates 
at least slight insufficiency of the left side of the heart (page 510) 

In some cases of mitral stenosis, the second sound is followed 
by a short click, usually best beard a little above and within the 
apex Rarely, it is audible m the back When both the click and 
the protodiastolic murmur of mitral stenosis are present careful 
auscultation reveals that the murmur begins, not immediately after 
the second sound, but after the click This click, long ago described 
by Duroziez'* and studied in detail by Sansom,^® has long been 
familiar to the French, but received httle attention m the American 
literature until the recent excellent study of Margolies and Wolferth “ 
They heard the sound in more than half of their cases of mitral 
stenosis, and Sansom m over a third of his, but I have not detected 
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it SO often Margolics anti \\oIfcrtlis jihonocardiograpliic records 
show that the extra sonntl occurs Uttucen 0 03 and 0 19 most 
often between 0 00 and OH second after the beginning of the 
second sound This time relationship accords with the conception 
tliat the sound is m some way produced b> the opening of the 
sclerotic mitril valve it lias long been known to the Ireiich as 
tlie claquentenl dovrcriiire rfe fo nnirale Sansoni and others have 
described cases csjitcialli in cliildrcii in which the opening click 
of the mitral valve was present long before Uie presjstolic murmur 
and otlier physical signs of mitral stenosis But it must be borne 
m mind that a loud third heart sound is not rare in healthy diildrcn 
Nevertheless the development of a third heart sound in an indi 
vidual with a history of rheumatic fever is to be regarded as sus- 
picious of mitral obstruction 

1 effects of Heart failure <n Ike Auscullalory ktiidings —Lbis is 
often proiiouiicc'd If a patient with mitril stenosis is seen for the 
first time when in Iicirt failure it is often impossible to establish 
the dngnosis until the heart has slowed and compensation has 
improv^ 

As has alreidy been mentioned acccniuation of Ike pulmonic 
second sound is ev idcncc of msulficicncv of the left side of tlic heart 
with resultant engorgement of the les«er circulation sufficient to 
raise tlie tension in the pulinonarv artery Experimental findings 
(page 497) indicate that in perfccUv cumpcns.ited mitral stenosis 
the tension m the pulmonary artery is not increased and hente the 
pulmonic second sound is not icceiituatcd Ihis is borne out by 
many clinical observations It is true (hat numerous patients with 
mitral stenosis, and a loud pulmonic second sound are iblc to le id 
fairly active lives a state of affairs that may continue for years 
but inquiry almost always reveals that the tolerance for exercise is 
diminished below tlie previous capacitv ^^ltll severe Inpertension 
of the lesser circulation accentu ition of the puliiiomc second sound 
may be so great that it is much the loudest of the heart sounds 
In such cases the sound is aceoiup inicd by a palpable shock in the 
aeeood left vuterepace Tlvc 'vcccwtuvtwwv of the puhvwwvvc seeowd 
sound may lessen when the right ventricle gives way cspecnllv 
when this is tiue to iiincul ir fibrillation But in other cases tlie 
pulmonic second sound reinuns loud despite tlie development of 
severe systemic venous engorgement With terminal penplieral 
circuhtory failure and consequent diminution in the venous return 
to tlie Iicart so often induced in mitral stenosis by bronchopneu 
monia tlie pulmonic second sound weakens usualiv an indication 
that the end is near \ccentuation of the pulmonic second sound 
is often accoinji inicd by splitting of the sec( nd sound at the base 
a phenomenon which has been attributed to closure of the pulmomc 
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valve preceding that of the aortic because of hypertension of the 
lesser circulation 

That auricular fibrillation modifies the murmur of mitral stenosis 
was pointed out by Mackenzie, “who observed disappearance of the 
presjstohc rumble when this arrhythmia set in The changes in 
the stenotic murmur due to auricular fibrillation vary with the 
ventricular rate ^Vhen the ventricular rate is slow, either sponta- 
neously or as a result of digitalization, the murmur is usually con- 
fined to the early and middle portions of diastole, the last part 
of diastole remains clear even though a typical presystolic murmur 
had been present prior to the onset of fibrillation If the ventricu- 
lar rate is more rapid, the murmur generally runs up to the first 
sound, but the presy stolic accentuation due to auricular sy stole is 
absent Under such circumstances, the murmur may seem “cres- 
cendo” Observations of such a seeminglv crescendo murmur m 
auricular fibrillation has led several clmicians to espouse Brock- 
bank’s* old theory that the presystolic murmur of mitral stenosis 
IS not really presystolic but early systolic m tune and due to 
regurgitation through the thickened mitral cusps However, the 
phonocardiographic records of Lewis** and otliers show tJiat the pre- 
systohc murmur of mitral stenosis is actually presystolic in time 
The reason that the murmur may sound “crescendo’ m auricular 
fibrillation with a rapid ventricular rate, despite the absence of 
presystolic accentuation due to auricular svstole, is that because 
of the short diastole the murmur lasts right up to tlie snappy first 
sound, and this creates the auditorv impression of a "crescendo” 
murmur By careful auscultation m mitral stenosis with auricular 
fibrillation, one can often determine that the diastolic murmur 
seems to be crescendo during a salvo of rapid beats while when 
the rate is slower the murmur is confined to the early and middle 
parts of diastole and is diminuendo rather than crescendo 
Wien there is auricular fibrillation and heart failure, the murmur 
of mitral stenosis often loses its characteristic rumbling quality 
and comes to resemble the murmur of aortic regurgitation This 
IS probably due to lessened velocity of flow through tlie mitral 
orifice incident to insuffiaenty of the left side of the heart With 
heart failure, the murmur of mitral stenosis may become totally 
inaudible even though the ventricular rate is not above 100 per 
mmute Probably eveiy dmicnn has more than once liad the 
experience, long ago recorded by Hope,** of encountering mitral 
stenosis at necropsy even though he was unable to hear a diastolic 
murmur or repeated auscultation I liad under my care a man 
with heart failure m whom the diagnosis of mitral stenosis was 
established by the demonstration of a very large left auricle, and 
yet a diastolic murmur could not be made out by a number of 
competent observers during a penod of three weeks In the latter 
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part of this period the patient was well enough to be up and about 
but died suddenly In some cases the murmur is audible only 
during a brief period m the middle of diastole When the left 
\ cntricle is \ tr> large because of mitral regurgitation or other com 
plication the diastolic murmur of mitral stenosis raaa be heard onl> 
be>ond the left anterior axillar> line I have several times knonn 
the diagno&is to be missed because auscultation w is not carried out 
far enough to the left 

C/cctrocardiograpfiic rmdiiig* — Tliese are somctnocs instructive 
although not uncommonh even tight mitral stenosis is accompanied 
b> 1 normal elcctrocardn gram Sprague ind White'* found defi 
nite right ixis deviation in 4 of 18 patients with mitral stenosis 
in 3 others there was slight nglit axis deviation in 10 tin, electrical 
axis was unailectcd and in otil> I was there a slight left avis devia 
tion Thev found the P wave prominent m laads I or II m 6 of 
the patienb Fnlargtinent of the F viavts uhieh is often accom 
pamedbj notching isdoublless to be attnbutfd to the enlargement 
of tile left auricle 'lhat conduction disturhanus and various 
arrhjthmias resulting from rficumatK nnohement of the nno 
cardiimi tiuN accompaiiv initnl sUnudisgois uitlioiit saving Tlie 
enormous frequiiicv of aunculnr hbrillation has tlreidv been 
mentioned 

Functional Pulmonic Insufficiency m Mitral Stenosu —Since 
mitral stenosis is the cause jnr exctllence of hvpirtcnsion of the lesser 
circulation the dovelopinciit of functional regurgitation at the 
pulmonic valve might be anticipated \ctuaIK Grihuni Steell * 
lung ago described the api>e trance in patients with nutnl stenosis 
of a diastolic murmur whicJi he termed the murmur of high prir 
sure in the pulnion irv arterj and whuli has since been known 
is the Graham Steell murmur itfanv clmicuins hav e been skeptical 
regirding the interpretation of such a murmur maintaining that 
it 13 usually if not aln ijs «iue to associated aortic regurgitation 
kctuallj however it is probablj not rare Cabot^ encountered 
the murmur m no less thm 20 of 50 pitieuts with mitral stenosis 
exanmicd at nccropsj Schwartz" reports 3 interesting evimples 
and Scherf*’ encountered 5 instances of tlie Graham. Steell murmur 
within eight montlis in c ises in vvhicli the ibsence of aortic regurgi 
tatioii was demonstrated at necropsv I b ive several times heard 
the murmur in cases m wluch complicating aortic regurgit itioii was 
excluded anatomically The murmur of functional pulmonic msuffi 
ciency has also been heard although verv rarely m condiLons 
other than mitral stenosis which are vssociated with marked livper 
tension of the lesser circulation such as fibroid phthisis kvpbo- 
scoliosis and sclerosis of the pulmonary arteries bcherf has also 
observed the murmur m adhesive pericarditis 

In some cases m which tlie Graham Steell murmur was present 
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during life, dilatation of the pulmonic arterj and ring was demon- 
strable at necropsy In others (such as those of Cabot), this was 
not feasible, and it is to be presumed that the dilatation of the 
arterj and ring was “djnamic,” and akm to the djnamic dilatation 
of the aorta so often seen fluoroscopicallv in aortic regurgitation 
While the principal cause of the pulmonic dilatation is doubtless 
the high tension withm the lessel, anatomical changes in tlie wall 
and ring maj also be concernetl Kugel and Epstein** have demon- 
strated the striking frequency of inflammatory lesions of the pul- 
monary artery, especially in the part close to the ring, m patients 
witli rheumatic heart disease Further, long-standing hypertension 
of the lesser circulation leads to arteriosclerotic changes in the 
pulmonary arterj 

The Graham Steell murmur is best heard in tlie third and fourth 
left mterspaces close to the sternum It is diastolic m time, almost 
alwajs soft, and resembles the murmur of aortic insufficiency in 
pitch and quality Actually, the Graham Steell murmur can be 
differentiate from that of an aortic leak onlj bj the absence of 
the peripheral signs of the latter aud by the presence of the mani- 
festations of hjqiertension of the lesser circulation The pulmonic 
second sound is markedlj accentuated and accompanied bj a dias- 
tolic shock Schwartz has stressed the great dilatation of the pul- 
monary artery which is often present and readily recognized on 
roentgen examination There is usually marked enlargement of 
the right ventricle and auricle When the left ventricle is small, 
which is the case m those patients m whom stenosis has predomi- 
nated from early m the disease, the cardiac silhouette is quite char- 
acteristic and contrasts diametrically with that m aortic lesions 
Pezzi“ states ample expansile pulsation of the hilus shadows is the 
rule m functional pulmonic msufflciency, a phenomenon that 1 have 
also observed 

Scherf has noted distinct improvement in dj spnea and ortliopnea 
when the development of functional pulmonic insufficiency was 
revealed by the Graham Steell murmur 1 he phenomenon is readilj 
comprehensible as a consequence of diminution m tension m the 
pulmonary circuit resulting from the regurgitation into the right 
y entricle 

Auricular Thrombosis —The conditions for thrombosis in the 
left auricle are so fayorable m mitral stenosis that it is the rule and 
not tlie exception to find antemortem clots in this chamber at 
necropsy The principal factor m the formation of the clots is 
probably stagnation of blood, the seventy of the stasis is evident 
when it IS recalled that the capacity of the left auricle m mitral 
obstruction often exceeds 300 cc , and may surpass 1 liter, yvhile 
the stroke volume may be less than 30 cc The small excursion of 
the wall of a greatly dilated aunde, even when fibrillation is not 
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present, must also fa\or the initiation of a clot Further, inflam- 
matory lesions of the auncular wall arc present in most eases (page 
493), and tliej may predispose to local thrombosis as do the similar 
lesions of the \alvc turtams 

Thrombi are most common and numerous m the auricular 
appendage, which is often packed tight with clots and stands out 
turgidly when the breast plate is removed The clots take origin 
m the recesses between the pectinate muscles Thrombi are also 
common m the other parte of the left auricle Wide most arc small, 
some maj reach the size of a cheny or even a plum, occasionally, 
much larger clots are observed 1 ht stratified clots ma> line large 
areas of the auricle witli a lajcr several centimeters thick A clot 
maj be attached onl> liy a pedicle, and on rare occasions, spherical 
or ovoid (ball) tlirombi arc found free m the lumen of the left 
auricle (Considerable organization of the thrombi js exceptional 
and calcification a great raritv In a fen cases, Berk’ and others have 
detected such ealeifled auricular thrombi m tlie roentgen him 
The clots ma> undergo punform’ softemng in the center 

Often enough, thrombi m the left auricle are mere]} anatomical 
findings but m mati} oUicr cases they play a significant part in 
the pathogenesis of the ehnical picture 1 lus occurs in one of three 
wa}s 

1 Detached fragments of clot ma> cmbohze to various organs 
lliis occurs most often m the presence of auncular fibrillation but 
13 by no means rare with regular rhythm Embolism following the 
restoration of regular rliytlim wntb quinidinc is discussed on page 
751 Embolism ts more common m patients with heart fadure but 
also occurs m the well-compensated On rare occasions symptoms 
due to embolism usher iii the clinical picture m a patient unaware 
of heart disease Perhaps the most common of tlie serious mani- 
festations of embolism in mitral stenosis ts hemiplegia, this is more 
often a right hemiplegia whieh mav be associated with aphasia 
Cerebral embolism may cause sudden death Occlusion of a periph- 
eral artery may be marked by pain, disabUity , coldness, and loss of 
pulsation m the affected extremity unless Uie collateral circulation 
develops sufficiently, gangrene results Mesenteric splenic or renal 
emboli may be followed by the characteristic svmptoms of infarc- 
tion of the organ in question I have twice seen infarction of a 
lobe of the hver m mitral stenoais as a result of embolic occlusion 
of a primary branch of the hepatic artery k detached thrombus 
lodging at the bifurcation of the aorta may lead to pam in the back 
paraplegia and arterial ischemia of tlie lower extremities with 
succeeding gangrene, m a case of this type, brought to the hospital 
in shock so that auscultation was unsatisfactorv , tlie origin of the 
gangrene m mitral stenosis was not certain until necropsv Ilarelv, 
rather numerous purpuric spots r^ult from small emboli emanating 
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from the left auricle, although such a picture naturally makes one 
think first of subacute bacterial endocarditis Welch*® has described 
a case of mitral stenosis in which embolism of the descending branch 
of the left coronary artery quickly terminated fatally 
2 On extremely rare occasions, eitlier a pedunculated clot or a 
free ball thrombus partially or almost completely occludes the 
mitral orifice This may result in sudden death Or there maj be 
merely accentuation of djspnea and other symptoms previously 
present, so that when tlie patient succumbs after some days or even 
a week or two, the obturation of the mitral orifice is a surprise at 
necropsy In still other cases, the blocking of the mitral orifice 
results in a remarkable clinical picture which is sometimes, as in a 
patient I observed, sufficiently characteristic to permit with con- 
siderable probability, though not absolute certainty the intro 
txlavi diagnosis of occluding thrombus There develops an intense 
cyanosis and, what is quite characteristic when present, an almost 
cadaveric coldness of the four extremities, the tip of the nose, and 
the ears, which may go on to gangrene in some or all of these parts 
The arterial pulsations are very feeble or absent m all the extremities 
Diagnosis is only feasible with much probability in the extremely 
rare cases in which such symmetrical ischemia of all the extremities, 
the tip of the nose and the cars develops And even with this 
picture, I once encountered at necropsy only a remarkably tight 
mitral stenosis without occlusive thrombosis In those cases m 
which ischemia and gangrene of only the lower extremities is present, 
the condition can hardlv be differentiated from embolism at the 
bifurcation of the aorta Cerebral symptoms may occur from ische- 
mia of the brain In a few instances, as in one of the cases of 
Schwartz and Billoon,” there has been intermittent obturation of 
the mitral orifice by a ball thrombus, with corresponding mtermit- 
tency of the symptoms 

The pathogenesis of this remarkable symmetrical ischemic gan- 
grene of tile extremities m mitral stenosis is discussed on page 056, 
it appears to be due to intense peripheral vasoconstriction 

Pulse and Blood Pressure —Changes m rate and rhytlim have 
already been discussed In well-compensated cases of mitral sten- 
osis, the pulse is often normal In other instances even though 
heart failure is insufficient to prevent the patient from attending 
school or an occupation, and despite normal or even high blood 
pressure, the pulse is small m volume The pulse is apt to be 
especially small in “pure” stenosis with a small left ventricle 

The arterial pressure is likewise within normal limits in patients 
with uncomplicated and well-compensated mitral stenosis This 
state of affairs may continue after the onset of heart failure But 
in other cases the latter has some, tliough rarely a pronounced, 
effect on the arterial tension Sometimes, the systolic and pulse 
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pressures fall slightly More often, tlit onset of heart failure in 
mitral stenosis is accompanied by a nse m the diastolic pressure, 
with a smaller increase in systolic pressure (page 81) With restora* 
tion of compensation by digitalization or other means, the pressure 
falls to its former level These clianges rarely exceed 10 or 20 mm 
of mercury Since there can be little doubt that the cardiac 
output IS decreased in these cases with tight mitral obstruction 
and heart failure, it would seem that the maintenance or elevation 
of the arterial pressure is to be attributed to vasoconstriction The 
latter doubtless eoiitributcs to the notable coldness of the extrem 
ities m some patients with mitril stenosis whose exercise tolerance 
13 fairly good 

A rem irkable phenomenon is the high incidence of essential hyper- 
tension in middle-aged uidixiduals especially women with mitral 
stenosis Boas and Ftiieberg* found high blood pressure in 39 of 
168 persona with antral stenosis, and Levine and I ulton*‘ m no less 
than 58 per cent of cases of mitral stenosis over forty five years of 
age Young patients w itli mitral stenosis do not hav e high blood 
pressure apart from the rare comjilic ition of glomerulo-ncphritis, 
but the incidence of hvpcrtension in the middle aged with mitral 
stenosis is far too high to be purely accidental One hypothetical 
possibility 13 that the vasoconstriction mentioned in the preceding 
paragraph as occurring m mitral stenosis may bring out the elev ation 
in blood pressure in uii indiv idual vvitli the hcrcditarv constitutional 
predisposition whicii apparently lies at the root of all essential 
hypertension 

Systemic Venous Engorgement m Mitral Stenosis —Only a 
minority of patients witli mitral stenosis succumb while well com- 
pensated as a result of intercurrent disease or an embolus from the 
left auricle or during the stage of isolated insufficiencv of the left 
heart as a result of such complications of pulmouarv engorgement 
as bronchopneumonia, pulmonary infarction or edem i of the lungs 
The large majority sooner or later develop insufficiency of the right 
side of the heart with systemic venous engorgement The cervical 
veins become distended, (he venous pressure rises the hver swefis, 
and dependent edema and transudates in the serous cavities develop 
These phenomena do not differ from those of other forms of right 
ventricular failure, and have been describeti m detail m other 
chapters of this book Here it may be mentioned tliat especially 
when it IS precipitated by auncular fibrdlatiou the right v entricular 
failure of mitral stenosis is peculiarly amenable to improvement 
under rational treatment There are many patients witli mitral 
stenosis who have five or more bouts of severe right ventricular 
failure at considerable intervals, even several years and between 
them are able to follow an occupation Among the patterns of 
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right \ entncular failure in mitral stenosis, attention should perhaps 
be called to one, not \erj common, m vihich there is large, hard 
swelling of the li%er and recurrent ascites, so that the picture simu- 
lates constricti\ e pericarditis or e\ en Laennec’s cirrhosis of the li\ er 
It maj also be mentioned that the conditions for the de^ elopment 
of cardiac icterus are especially fa\orabIe in mitral stenosis with * 
seiere heart failure because of the frequent coincidence of multiple 
pulmonarj infarctions and engoi^ement of the liver 
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CHAPTER XXVIir 


HEART FAILURE INITIATED BY INSUFFICIENCY OF 
THE RIGHT SIDE OF THE HEART 

Fulure of the right side of the heart occurs m three general 
categories of cases 

1 far the ruoat common is that in nhicb the right-sided failure 
IS secondarj to antecedent insufficiencj of the left heart^^n hyper- 
tension, arteriosclerotic disease of the left \entncle, or aortic or 
mitral \al\ular defects The left-sided failure results m hyper- 
tension of the lesser circulation and sometimes bulging of tlie inter- 
ventricular septum to the right (page 447) Through these mech- 
anisms, usually acting m combination with diseases of the muscle 
of the right ventricle which impurs the functional efficiencv of this 
chamber, insufficiency of the right side of the heart sooner or later 
complicates most instances of prunai^ left sided failure 

2 Right- and left-sided failure may evolve comcidenth from 
causes which increase the work of the whole heart— notably hvper- 
thyroidism— or impair the functional capacity of the mvocardium 
of both Sides of the Iieart— for example rheumatic, diphtheritic, 
and arteriosclerotic disease of the heart muscle, although the last 
named more often affects the left ventricle pnmanlv I\Tien both 
halves of the heart are affected simultaneously and equally sy mp- 
toms of right-sided failure tend to predominate, because the 
weakenmg of the right ventricle may diminish its output and thus 
lessen the work of the left ventricle 

3 Primary right-sided failure is much less common than solitary 
insufficiency of the left side of the heart The former occurs most 
often as a result of diseases of the lungs or their vessels which 
increase the resistance to blood flow throu^ the pufmonary circuit 
Among the causes of such increase in resistance in the pulmonary 
circuit and resultant cor piilmonum as it has been called, are the 
following Emphy sema, fibroid phthisis, pneumokonioais and other 
non-tuberculous cirrhoses of the lung, extensiv e pleural adhesions, 
kyphoscoliosis and other thoracic deformities, and certain rare 
diseases of the pulmonary artenes Acute right-sided failure may 
be caused by pulmonary embolism or pneumonia Finally , primary 
right-sided failure arises from the relatively rare organic defects of 
the pulmonic and tricuspid \ alv es and from congenital lesions w ith 
a shunt betw ecn the tvv o circulations 
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CUNICAL PICTDRB OF FAILURE OF THE RIGHT SIDE OF THE 
HEART 

Right \cntricular failure results in two general varieties of sjmp- 
toniatologv depending on whether the onset of severe failure is 
gradual or abrupt 

(1) Chronic right icntnciilar failure The clinical jncture of failure of 
the right side of the kearl is dominated btf the si/mptonie and signs engen 
dered by engorganeni of the tenx cats and their tnhutancs Char 
actenstic of pure right sided failure arclntivclj uncommon distur 
bailee 13 tint tlie svsteiuic venous engorgement is not iccompanied 

pulmonary congestion On the other hand if tlie nglit sided 
insufRticncj issecondnrv to weakness of tlie left heart ainuchmore 
frequent state of affairs the manifestations of puimonarj engorge- 
ment arc iho present When right sided failure results from pul 
moinrj disease tlic consequences of heirt failure are commingled 
witli those dut to impairment of external respintion b> the lesions 
in the lung 

An obvious and dugnosticallv important (haractcristic of the 
venous engorgement of right heart fiilure is that it implicates the 
territories of both the superior and the inferior vena cava although 
It maj be more pronounced m either If venous engorgement is 
severe in the tributaries of one of these veins and absent m the 
other one should alwavs be suspicious of some extraeardiac venous 
obstruction 

(2) Acute right rcnfricular failure occurs classicalh in massive 
pulinonarv cmliohsm and verj rarelj in pneunioma The climcal 
picture IS that of shock due to tlie abrupt fall m cardiac output with 
which are associ itcd the consequences of engorgement of tlie sj stemic 
veins 

The principal maiufestatioiis of right sided failure are the follow 
ing (for details regarding each the reader is referred to the chapters 
on the individual svmptoms and signs) 

1 Cyanosis —This is present in the large majority of instances of 
right heart failure although there are patients with swollen veins 
and liver in whom evanosis is not evident on inspection The 
cyanosis of right heart failure is due to distention of the venules 
and \ enous capill vries as -w cH as to increased ox> gen loss m the capil 
lanes resulting from retardation of blood flow ■\part from certain 
cases with congenital heart disease in whom cjanosis is due pnn 
cipallv to causes otlier tlian heart failure the most intense cjanosis 
IS seen vvlicn the cirdiac insufficiencv is secondary to a pulmonarj 
lesion whicli interferes per with the gas exchange In these cases 
impaired oxvgenation in the lungs is added to the aforementioned 
peripheral mechanisms of cyanosis In a general waj it mav be 
said that m right heart failure Qanosia predonamates over dyspnea 
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the re\er-e of what happens m left-' ded failure, to a lan^e e'ttent 
this Is due to the fact that ri^bt ided faSure is generalJi a&sociated 
with legions of the lun::s and pulmonan \ excels. 

2 fnjcrjejTien/ oj #/e Supfrjiaat J ans —Repletion of the cervical 
\ ems IS almost alw'i\-s ob% lous in 'e\ere ri^ht heart failure There 
ma\ also be prominent pulsation of the'C \ eins and Vi hat is charac- 
teristic when pre'ent, the \entnciilar form of the ^enous puLe 
Howe\er in slight or e\en moderate failure of the right \entncle, 
the fulne-s of the cemcal \eins ma^ not be e^^de^t on impection 
espeaalK if the mdividual is obe^e or the ^ems deepK situated 
Then the engorgement of the \eins ma\ be rendered e\ident b\ 
pressure on the nght upper quadrant In exceptional instances of 
extreme nght heart failure with the chmcal picture of cardiac 
shock the\em3of the neck are distended while those of the extrem 
ities are almost de\ oid of blood (tf page Gob) 

3 InerroM in I enoua Pressure —This es as a quasi-qnanti 
tati\c measure of the <^\ent\ of failure of the right heart But 
the paralleiLm is no more than a general one for the i enous tension 
IS also affected b\ the circulating blood \olume and other \ anables 
Moreo\er m relativeK slight nght xentncular failure alreadN 
documented b^ swelling of the h\er the \ enous pressure ina> not 
be definiteU abo>e the upper limits of norma! b\ our relatneh 
coarse clinical methods of measurement the engorgement merei\ 
serving to Ell out ^ems that were not before fuU\ distended {page 
110) In such cases a marked n<5e m \enous pressure on coniprea 
Sion of the right upper quadrant mav reveal the engorgement of 
the V eins (page 2oQ) 

4 SiceUing and TendcrncM of Ihe Liter —This is a valuable sign 
of msufficiencv of the right side of (be heart which is rorelv absent 
and the fluctuations of which often mirror the functional accom 
plishment of tlie right v entncle In long-standing right v entncular 
failure the liv er mav shnnk as a result of fibrotic changes although 
the V enous pressure remains high In sev ere right sided failure 
expansile hepatic pulsation inav be present but it should be remem 
bered that hvpertrophv of the nght v entncle w ithout notable failure 
produces transmitted pidsation of the fiver Cardiac icterus mav 
occur m uncomplicated right sided failure but is less common than 
m combined right and left sided failure where the factors of 
pulmonarv infarction and hepatic engorgement supplement one 
another 

Rarelj the spleen is palpablj enlaigcd as a result of nght heart 
failure 

5 Subaita} eom edana and transudation into the serous cavities 
are classical manifestations of nght heart failure But tbev are 
not alw av s present even when venpus pressure is v^rj high because 
of the important role of accessorj factors (Chapter \II) in the 
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pathogenesis of cardiac dropsy. Absence of edema despite high 
venous pressure is especially common when the patient is in bed and 
under treatment, for edema is the sjmptom of heart failure against 
nJiich therapeutic measures are most elfcetive 



Fia 20 — Electrocirdiogram ol a palient wiUi pronounced hypertrophy «nd dilata 
tion of the right ventricle The voltige of the G~R-S complex i* high rotation of 
the electrical axit to the right la revealed by flue downward direction of the major 
deflection of thia complex m the firat lead and the upw ard direction m the third lead 
Inveraion of the T wave m the second and third leads la tbt rule m right ventricular 
piepondManM. 




PULMONABY EMPHYSEMA 


529 


6 The right ventricle and auncle are hypertrophied and dilated 
Evidences of relative tricuspid r^urgitation may be present, and on 
rare occasions right-sided gallop rhythm is heard A previously 
accentuated pulmonic second sound may become weaker when the 
right ventricle fails The electrocardiogram sometimes, but not 
alwaj s, exhibits rotation of the electrical axis to the right (Fig 20) 

7 The lungs are not engoi^ed in uncomplicated right-sided failure, 
and indeed decreased density of the lung fields in the roentgenogram 
may afford evidence of subnormal blood content 

8 The arterial pressure is not characteristically affected Usu- 
ally, it 13 little changed until the terminal fall I have se\eral 
times seen considerable elevation of the arterial pressure during 
right heart failure secondary to chronic pulmonary disease 

9 Ohguna is a cardinal manifestation of systemic venous stasis 
The urinary volume is a valuable index of the progress of right 
sided failure The urme presents the usual “cardiac” character- 
istics and may be albummous 

10 The cerebrospinal pressure is elevated as a result of the rise 
m venous pressure 

11 Dyspnea is almost always present in right sided failure, but 
Its intensity vanes greatl> \Vhile the djspnea of patients with 
right heart failure secondarj to emphysema or other pulmonary 
disease may be agonizing, in the rare primarj’ nght-sided failure 
of tricuspid or pulmonic valvular disease there may be but little 
dyspnea The frequent alleviation of dyspnea when right ven- 
tricular failure complicates msufiiciencj of the left heart has already 
been mentioned There are many patients, m whom bulging veins 
and a swollen liver attest to severe right \entricular failure, 
who do not complain of dyspnea at rest Orthopnea is often absent 
m right-sided failure 

PULMONARY EMPHYSEMA 

Among the clinical pictures commonly confronting the practitioner 
IS that in which an individual with an emphj sematous thorax 
complains of dyspnea and cough From a therapeutic point of 
View, it IS most important to determine to what extent the dyspnea, 
cjanosis, and other symptoms are attributable to the pulmonary 
JesJDDs per se, and how far they are the result of oiTculatory failure 
This IS often a difficult problem Indeed, experienced clinicians 
differ greatly as to how often emphjsema leads to heart failure 
Thus, while Romberg** considered heart failure secondary to 
emphysema as common, and White and Jones’* observed 21 cases 
of “pulmonary heart disease” among 2314 patients with organic 
cardiac disease, Kountz** and Hurtado*^ and their respective co- 
workers reported considerable senes of patients with emphjsema 
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in whom heart failure was \ery infrequent More recently, how- 
ever, Kountz, Alexander anti Prinzmetal** have published necropsy 
observations showing that tlie heart is affected in the majority 
of patients with emphysema Parkinson and Ilojle” found cardiac 
failure secontlary to emphjscma alone to be rare, of late occurrence, 
and almost alwajs terminal In New York Cit}, especially m 
elderly workers m dusty trades, I have observed manj cases which 
I considered as “cmphjtsema heart,” i e , heart failure in the 
pathogenesis of which emphysema plajed at least an important 
role Nevertheless, it would appear that, as brought out especially 
bj Kountz and his co-workers, svroptoms due djrcctlj toemphisema 
have often been attributed to heart failure Tor this reason, we 
vnil first discuss certain of the manifestations of eraphjsema which 
may be confused vvith those of heart failure 

The Forms of Emphysema —Under the generic designation of cinphj- 
senu arc included several pathogcnetically distinct conditions, and not 
all of ilicm impede tlic ventilation and circulation of the blood In those 
cases m which functional disability of one or more lobes (r p, in fibroid 
phthisis) 13 followed by the distention of other lobes, or where pulmonary 
distention results from residence at high altitudes, it is to be presumed 
that the eolargcmcnt of the lungs subserves a com^nsatory function and 
Cacihtatcs the ventilation of the blood Apart from these compensatory 
forms two mam varieties of emphy’sema may be differentiated 

1 Non-ofcslfucUic Smp/iyuma —This type occurs almost aiwajs in the 
aged, and while the Uiorax is hyperresonant and may be barrel shaped, 
the lungs are little increased in volume and may even be small (senile or 
small lunged cm^oeema) ^Vlien the chest is opened, the lungs collape 
quite rapidly Tins form of emphysema » not due to asthma or otner 
broncliial obstTuction It has been eonsidered as due to senile atrophy of 
the interalveolar septa IVhile tJiis may be true to some extent, Freund** 
long ago enunciated the view that this form of emphysema is primarily a 
disease of the thoracic skeleton and the pulmonary changes are secondary 
This conception has been adopted, id another form, by Loeschke** and 
Kounts and Alexander ** The latter investigators believe that the under- 
lying lesion 18 a degenerative process in the intenertebral disks, as a result 
of which the dorsal spine is first straightened out and later kyphotic, the 
consequent alterations in the form of the thorax entail a change m the 
position of the lungs and the forces acting upon them, with ultimate a]v eolar 
distention and loss of elasticity 

Available evidence indicates that this non-obstructive form of emphy- 
sema is but sbghtly deleterious to respiration and circulation Accordmg 
to Kountz and Alexander, the xntal capacity is little diminished and the 
oxygen saturation and carbon dioxide content of the arterial blood nonnal 
In one such case, Hurtado and his associates found the residual air normal 
Kountz and Alexander observed that in non-obstructive emphysema, in 
contrast to the obstructive form, the excursion of the diaphragm is ample 
and may even be unusually great, respiration is largely abdommal I have 
repeatedly observed at the necropsy of mdividuals with non-obstrucUv e 
emphysema that the heart was anaU and the seat of brown atrophy, with 
no mdication that it had been subjected to unusual stram IVhen heart 
failure develops in the presence of non-obstructive emphysema, it is not 
secondary to the pulrnonary chan^, almost always, the cardiac disease is 
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due to coronary sclerosis or hypertension Non-obstructive emphysema 
thus appears to be of little clinical significance 

2 06s<n«;ttDe Emphysema — *11113 results from bronchial obstruction, 
most often asthma or chronic brondiitis In the past, there has been 
much dispute whether it is the increased resistance to inspiration or to 
expiration which leads to emphysema The recent investigations of 
Prinzmetal” indicate that immoderate inspiratory distention of the lung 
during the asthmatic paroi^sm is probably the primary factor He found 
in 4 humans durmg attacks of bronchial asthma, as well as m animals with 
experunenta! bronchoconstnctioa, that ttUrapHeural pressure uas more 
negaliie than between the parosysms The more negative intrapleural 
pressure results in distention of the lungs, which when repeated often 
enough leads to dimmution m their elasticity and emphjsema A similar 
mechanism doubtless operates when the bronchi are narrowed by the 
inflammatory changes of bronchitis In patients with severe and pro- 
tracted cough an expiratory factor probablv also enters into the production 
of emphysema of the apices and margins of the lungs, which become dis- 
tended during the powerful expiration of cough 

In obstructive emphysema the lungs are large and collapse bttle when 
the chest is opened This is the clinically important variety of emphysema, 
the one which leads to severe disturbances in ventilation and sometimes in 
circulation, and is the one to which the remamder of this section will be 
confined 

Pseudocardiac Symptoms m Emphysema —£mph>sema may pro- 
duce a galaxy of symptoms— dyspnea, cyanosis, swelling of the 
superficial veins, and rarely edema— which simulate heart failure, 
and in the past hav e often been confused with the latter Evidence 
that these symptoms are not necessarily due to cardiac failure is 
afforded by their frequent existence fory cars »n theabsenceof enlarge- 
ment of any of the cardiac chambers, an invariable accompa- 
niment of protracted heart failure Aloreover, they may occur 
with normal circulation time With the radium C method, W'eiss 
and Blumgart'® observed normal arm-to-arm circulation time in 
moderate emphysema, although there was some prolongation in 
advanced cases Using decholm for measuring the arm-to-tongue 
circulation time, Tair, Sager and Oppenheimer*® observed normal 
values ui emphysema With saccharin, Hitzig, King and I have 
repeatedly found the arm-to-tongue circulation time vvithm normal 
limits in emphysematous patients who were cyanotic, dvspneic 
on trivial exertion, and had slight elevation of venous pressure 
Measurement of the circulation time is a valuable clinical aid m 
determmmg whether or not emphysema is complicated by circula- 
tory failure 

Dyspnea —There are patients with marked emphysema, which 
has pr^uced considerable cyanosis, who do not compJam of dysp- 
nea, and are capable of hard work But sooner or later, most 
emphysematous individuals become short of breath The dyspnea 
of emphysema is exertional, paro^^al dyspnea m a patient with 
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emphysema is usually to be attnbuted to underlying bronchial 
asthma and can most often be relieved promptly by cpmephnn 

Pathogenesis — It has long been resized the elasticity of tlie lungs 
13 diminished in emphysema This conception has been supported 
by measurements of the elasticity of pulmonaiy’ tissue at post- 
mortem Recently, Christie** has shown tn luo, by simultaneous 
traemgs of the volume of tidal air and intrapleural pressure, that the 
loss of pulmonary elasticity m emphjsema may be almost complete 
Among the consequences of diminished pulmonary elasticity are 
the following 

1 The lessened clastic pull of the lungs on the chest wall results 
in displacement of the latter toward the inspiratory position In 
consequence, inspiration is started witli the chest already m such 
a position that furtlicr excursion is limited and takes place at a 
mechanical disadvantage The low position of the diaphragm at 
the start of inspiration is especially disadvantageous A further 
result is that the air drawn in at each inspiration is diluted by the 
abnormally great volume of air already present m the lungs 

2 In health, expiration is largely a passive process, in which the 
elastic recoil of the lung is an important factor To the extent that 
pulmonary elasticity is diminished, active muscular work must be 
substituted in expiration 

3 Christie points out that the diminished elasticity of tlic lung 
in emphysema results in unequal ventilation, the forces of respiration 
acting much more powerfully on the superhcml portions of the lung 
than on those more deeply situated Such unequal ventilation 
obviously diminishes the efficiency of respiration 

In most, if not all, cases of obstructive emph} sema. the inflamma- 
tory or spastic narrowing of the bronchi which ongmally produced 
tlie emphysema doubtless contributes substantially to the mechani- 
cal impairment of respiration Bronchoscopy often reveals con 
siderable amounts of mucoid secretion m tJie large bronchi of 
emphysematous individuals Intensification of dyspnea is the rule 
during exacerbations of bronchitis And Jagic and Spengler*’ have 
found that the injection of epmephnn increases tlie vital capacity 
m emphysema 

The mechanical impairment of respiration in emphysema is 
attested quantitatively by the following characteristic pattern of 
the respiratory volumes (for details, see Hurtado” et al ) 

1 The lung volume (total capacity) is little changed 

2 The mid capacity is mcreased, an expression of the above- 
mentioned displacement of the lungs toward the mspnatory position 

3 The vital capacity is decreased The dimmution m vital 
capacity serves as a crude, but useful, clinical measurement of the 
impairment of respiration, for Hurtado and his associates found 
that It parallels roughly the seventy of the djspnea In their 
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cases with very severe djspnea, it averaged 60 9 per cent below 
normaJ According to these investigators, the decrease m vital 
capacitj IS more at the expense of the complementai^ than of the 
reserve air 

4 The residual air is increased, averaging 2 84 liters in the 
patients of Hurtado ct of , as contrasted with their normal average 
of 1 36 liters 

5 The minute v olume of respiration is increased Staehehn and 
Schutze®* found an average of 11 8 liters as contrasted with a normal 
of 7 6 liters Inasmuch as the oxygen consumption is normal, this 
IS an indication of the lessened efficiency of ventilation 

These disadvantageous changes m the mechames of respiration 
are doubtless the principal causes of the defective aeration of the 
blood which is demonstrable (see next paragraph) m emphjsema- 
tous subjects with notable djspnea Accessory factors may, how- 
ever, also be concerned Christie points out that in emphysema 
the alveoli at the periphery of the lung are ov erdjstended and have 
a verj sparse blood supplj , w ith the result that their v entilation is 
largely wasted This ts the more important because m severe 
emphysema the total surface area of the alveoli available for ven- 
tilation IS greatly diminished The possibility that changes m the 
walls of the alveoli maj interfere with gas exchange has been 
suggested but not substantiated, on the contrary, Krogh®" found 
normal alveolar permeability m 3 patients with emphysema 

The deficient aeration of the blood in empby sema is rev ealed by 
decrease in the arterial oxygen saturation, and sometimes also by 
retention of carbon dioxide In 20 of the 24 patients with pulmo- 
nary emphy sema studied by Hurtado, Kaltreider and McCann ” 
the oxygen saturation of the arterial blood was below 94 per cent, 
their lower limit of normal The degree of oxygen saturation was 
correlated with the abnormalities m pulmonary capacity Much 
more severe impairment of respiratoiy mechanics appears to be 
necessary to cause carbon dioxide retention than deficient oxy gena- 
tion of the arterial blood Hurtado, Kaltreider and iIcCann found 
abnormally high carbon dioxide content of the arterial blood m 
only 3 of their 24 cases of emphysema Scott long ago showed 
that carbon dioxide retention in emphysema may be accompanied 
by increase m alkah reserve, presumably a compensatory mechanism 

From these findings, it would appear that arterial anoxemia is a 
far more important factor m the pathogenesis of dy spnea m emphy - 
sema than in heart failure However, it develops so gradually 
that the patient often accommodates himself surpnsmgly well to 
low oi^gen saturation of the arterial blood, one often observ es w ell- 
marked cyanosis m emphysematous subjects who have considerable 
exercise tolerance In the past, it has been thought that, akin to 
what happens m high altitude, an unportant mechanism in adapts- 



534 JNSUI-FICIENCY OF RIOJIT SIDE OF HEART 

tion to the defecti\e \entilation of emphjseiiia is increase m circu- 
lating blood \oIume and poijcjtlicmia Pltsch^ and Ulilenbruck” 
and Vogels observed increased circulating blood volume in emphj- 
stma Pnco-Joncs^* found that the mean diameter of the red cells 
IS increased m cmphjsema, and while Lemon*' did not observe tins 
augmentation m corpuscular volume, he found an increase of 20 per 
cent 111 corpuscular hemoglobin On the other hand, the recent 
detailcil studies of Ivaltrcidcr, Hurtado and Brooks’* disclosed 
no significant variations from normal in circulating plasma or cell 
volume, or m the total quantitv of hemoglobin in circulation 
Nor did tbev find any relationship between circulating blood volume 
and changes in pulmonarv caimcity On the otiicr hand, I have 
several times ohserved definite poljeytheinia and increase in circu- 
lating blood volume m individuals -wiih long-standing emphvsema, 
so it maj be that exceptionally the bone marrovv is stimulated by 
tlie protracted anoxemia, and that the resultant increase in circulat- 
ing hemoglohm subserves a compensatory function 

Cyanosis is present m the large majority of individuals with 
marked emphysema It has alreaily been mentioned tliat there 
ma\ be severe cyanosis with comparatively little dyspnea The 
cyanosis is due to arterial anoxemia, the causation of which has 
already been discussed That the cvanosis is due to pulmonary 
causes and not to slowing of blood How m tlie periphery is often 
indicated hy the w arnitli of the bluish finger tips Lnipliy seniatous 
patients with cyanosis generally develop clubbing of the fingers, 
though tins rarely rcai^cs a severe degree unless there is also 
bronchiectasis 

Engorgement of the SysUmK Veins —The first glance at a patient 
with longstanding emphysema not uncommonly reveals bulging 
cervical veins, which also often appear to be of larger caliber than 
normal Pulsation is not prominent m tliese veins and may not 
be discernible, the ventricular form of the venous pulse is absent 
During asthmatic paroxysms, the engorgement of the cervical veins 
becomes more marked That this venous engorgement is not due to 
cardiac failure is indicated by the fluoroscopic finding that the heart 
IS not enlarged, the only form of cardiac failure which presents the 
combination of a small heart and engorged cervical veins is that 
present in constiictive pericarditis 

Measurement of tlie venous pressure iii patients with emphysema 
and distended cervical veins generally does not reveal as much 
elevation as one might anticipate from inspection of the veins 
Kountz*® and his associates found that in emphysema the venous 
pressure is elevated in rough proportion to the degree of bronchial 
obstruction They observe that thense in venous pressure induced 
by an asthmatic paroxysm disappears immediately after the attack 
when there is little emphysema, hut when tlie attack occurs m a 
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patient with severe emphjsema the \enous pressure drops much 
more slowly and mav take several dajs to fall within the normal 
range I have also seen persistent elevation of venous pressure to 
12 or 14 cm of w ater in several patients w ith emphj sema but w ith 
out heart failure But there are also manv such patients a decided 
majority m my experience m whom the venous pressure was less 
than 8 cm of water and therefore within the limits of norma! 
^\elS3 and Blumgart®* also found the venous pressure normal in 
most cases of emphjsema The venous pressure is often normal 
m emphysematous subjects with bulging and seemingly engorged 
cervical veins the prominence of these vissels maj be due to thick 
ening of the wall and dilatation which is probabh a heritage from 
repeated engorgement during paroxysms of asthma or bronchitic 
cough 

Kountz and his associates have adduced evidence that venous 
engorgement in emphv sema without heart failure is due to elevation 
in intrapleural pressure Thev hav e observ ed that m sev ere obstruc 
tive emphysema the intrapleural pressure is less negative than the 
normal figures of about —4 cm of water during expiration and 
—8 cm during inspiration ^on \eergaard and also found 

that the average intrapleural pressure m emphysema is —32 cm 
of water as contrasted with the normal figure of — o 7 cm Often 
patients with severe emphvsema have an intrapleural pressure 
which IS close to atmospheric and in severe cases may reach +5 cm 
of water or more during ordinary expiration Elevation of intra 
pleural pressure increases the resistance to the venous return to 
the heart and thus elevates the venous pressure Kountz and his 
associates found that in patients with emphysema and asthma 
variations m intrapleural pressure are reflected in corresponding 
changes in venous pressure And when they produced emphysema 
in dogs bv partiallv obstructing expiration thev observ ed parallel 
V ariations in intrapleural and v cnous pressures Another cause for 
venous obstruction has been described bv Eppmgerand Hofbauer ** 
who found that the low position of the diaphragm entails compres 
sion of the inferior vena cava as it passes through the foramen 
quadnlatenum 

Kountz and his co-workers believe that dependent edema in 
patients with emphysema is not necessarily due to heart failure 
but may result directly from the emphysema through the inter 
mediacy of the elevation m v enous pressure and anoxemic increase m 
permeability of the capillaries The low position of the diaphragm 
occasionally renders the liv er palpable in the absence of heart failure 

Cough 13 rarely lacking in emphysema It is generally due to the 
bronchitis or asthma which produces the emphysema and intedates 
the latter 
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Causes of Right Ventricular Strain m Emphysema —The ^vo^k of 
the nght ventricle is augmented m severe emphysema as a result 
of increased resistance to blood flow through the lungs which 
elevates tlie pressure in the pulmonarj artery The evidences of 
increased tension in the pulmonary artery are as follows 

1 In many cases of emphysema the pulmonic second sounl is 
louder than the aortic second sound Ihe difference is generally 
quite clear even though alt the sounds arc distant as a result of the 
distention of the lungs In <Mnnc instances m which the accentuation 
of tlie pulmonic second sound ts nut evident this is due to comci 
dent icccntuation and ringing qu ility of the aortic second sound 
resulting from systemic hypertension or elongation of an arterio- 
sclerotic aorta with approximatioti to the chest wall 

2 At necropsy out often finds marked arteriosclerosis and arteri 
olosclerosis of the pulmonary ndicals a lesion which there is 
every reason to attribute to long standing hypertension 

3 Most important of all is the frequent finding at necropsy of 
hypertrophy of the nght ventricle \Vlnle Kountz and his asso- 
ciates origtnallv found httle evidence of right ventricular hyper 
trophy m emphysema Kountz Alcvnnder and Prinzmetal’* later 
dcbcnhcd dilatation and hypertrophy of the nght ventricle in the 
majority of tlieir cases The occurrence of hy pertrophy of the right 
ventricle in emphysema has been established by many pathological 
anatomists LocscUke ** who studied the pathological anatomy of 
emphysema in great detail for many years states that the right 
ventricle is hypertrophied when emphysema is widespread through 
out both lungs and that the Uv^)€rtrophy is especially great when 
there are eatensiv e areas of atelectasis due to bronchial obstruction 
Kirch” has c irned out careful stud ts on the size of the chambers 
of tlac heart and weighed them by the mctliod of Mueller he found 
hypertrophy of the right vcntnclt up to triple the normal I have 
often seen hv pertrophy of the right ventricle at necropsy for whicli 
no cause was evident other tliaii increase in resistance to blood flow 
through tlie lungs resulting from eiuphv sema Dr Paul Klemperer 
tells me he has made many similar observations In some of the 
c ises w itli right v entncular liv pertrophv the left side of the heart 
was not enlarged Often however the left v entricle is also hvper 
trophied which is often but not always a result of iccompanving 
systemic hypertension Hypertrophy and dilatation of the left 
ventricle may perhaps also result from protracted anovemn (page 
538) 

In a majority of dogs m wbtcli they produced emphysema 
Kountz Alexander and Prinzmetal** found hypertrophv of the right 
and left ventricles 

The demonstr vtioii of right ventncular hypertropliy in vivo m 
emplivsemi is often not feasible As already mentioned hyper 
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trophy with little dilatation causes but slight enlargement And in 
emphysema the low le>el of the diaphragm causes the heart to 
assume a median position and rotate so that the transverse diameter 
IS smaller than normal I have repeatedly seen hypertrophy of the 
right ventricle at necropsy in cases m which the transverse diameter 
of the heart in the roentgen ray was small In a careful radiologic 
study of 80 patients with emphysema, Parkinson and Hoyle®* 
were able to demonstrate enlargement of the right ventricle in 18, 
the right auricle in 11 the pulmonary conus in 33, and the pulmonary 
artery m 22 cases In elderly subjects the emphysematous lieart 
may assume a more transverse position as a result of elongation of 
the arteriosclerotic aorta 

We may now turn to the causes of the right ventricular hyper 
trophy in emphysema Ihree mam factors operate to increase the 
‘resistance to blood flow through tlie lungs and thus augment the 
work of the right ventricle 

1 The widespread destruction of interalveolar septa entails 
obliteration and disappearance of capillaries So manv capillaries 
may be obliterated that new arteriovenous anastomoses are formed 
(Rmdfleisch**) The result of the capillary obliteration is that 
the total cross-section of the pulmonary vascular bed is diminished 
In order that the volume flow be maintained, despite the smaller 
cross-section of the stream bed the pressure in the pulmonarv artery 
must rise, which can be accomplished only by increased work of the 
right ventricle That maintenance of volume flow through such 
increase in pressure actually occurs was demonstrated long ago bv 
Lichtheim He found that when the left pulraonaiy arterv is 
occluded, the volume of flow is maintained, but this is achieved by 
an increase m pressure m the right pulmonary artery from its 
previous value of 180 ram of water to 200 mm 

2 Most patients with severe emphysema have a history of 
many years of cough and asthma, or both During cough or an 
asthmatic paroxysm, the intra alveolar pressure during expiration 
rises to high levels, Staelielin®* estimates that it may exceed 50 mm 
of mercury The elevation of pressure within the alveoli during 
cough or an asthmatic paroxysm compresses the minute vessels of 
the lung and thus augments the work of the right heart Hyper- 
trophy of the right ventricle due to this cause has been observed 
m whooping cough, and it is probably an important factor m 
emphy sema 

3 The influence of the respiratory position on blood flow through 
the lungs requires furtlier investigation However, tlie detailed 
studies of Cloetta** indicate that while the minute vessels of the luiig 
are distended by axial traction early m inspiration, at the height of 
deep inspiration they are compressed It is therefore quite probable 
that the marked displacement of the chest toward the inspiritorv 
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position m cmphjscraa senes to augment the resistance to blood 
flow through the lungs 

Kountz and lus assumtes point out that the obstruction to \cnous 
return bj the increased intrapleural pressure in einpli.vstuia tends 
to spirt the right heart IIotte\er, the fict that the right \entricle 
IS h\^)ertrophlc ui many cases of severe eiuph,vseina indicates, at 
least in these instances, that the factor of incruised resist ince in the 
pulmonic \ essels is preponderant 

Heart Failure m Emphysema —The liy pcrtroplued right \ entncle 
usually IS able to master the increased puhnoiur^ resistance for 
jears or decades, and many patients with severe emphysema never 
develop heart failure, succumbing to bronchopneumonia or an 
independent ailment Hut iii otlicr cases the right ventricle ulti- 
mately gives way with the appearance of signs of systemic venous 
engorgement exceeding those due to heigh tencol intrapleural pressure* 

Often, the precipitating cause of the failure of the right ventricle 
IS not evident In many cases, necropsy reveals well-marked cor- 
onary arteriosclerosis Cardiac insufficiency may then he due to 
the combination of increased work of the right ventricle as a result 
of the pulmonary changes and inability to increase correspondingly 
the blood supply because of the coronarv disease It is true t^t 
gross myocardial infarction practically always affects the left ven- 
tricle primarily, but tlierc can be no doubt that with marked 
arteriosclerosis of both coronaries die blood supply of the right 
ventricle must suffer, a conception that is supported bv the frequent 
finding of interstitial fibrosis In other cases, heart failure follows 
bronchopneumonia, and it is possible, though hard to prove, that 
what is so glihlv called tovic damage to the myocardium is damage 
by anoxemia Ihis suggestion seems ven/ plausible, for anoxemia 
may be present for y ears and the invocardiuin requires an abundant 
supply of oxygen It has repeatedly been shown experimentally 
that anovemia leads to cardiac dilatation As suggested by Hoov er,’^ 
anoxemic damage to the myocardium might account for the fact 
that the left ventricle is frequently also found dilated in emphy- 
sema Since all forms of dilatation tend to be replaced by hyper- 
trophy (page 310), It IS not surpnsmg that the left ventricle is also 
someUmes found hypertrophic Moreover, anoxemia tends to 
increase the cardiac output, and would thus favor dilatation and 
hypertrophy’ of tlie heart through the mtermediacv of augmented 
work But It should be remembered that systemic hypertension is 
a common accompaniment of emphysema and, as emphasized by 
Parkinson and Hoyle, doubtless is the most common cause of left 
ventricular enlargement in emphysematous subjects 

The manifestations of right ventricular failure are the usual ones 
and are superadded to the pre-€\istent sj mptoms of einphy sema 
Dy spnea becomes more sev ere, the sy stemic \ eins are more engorged 
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and pulsate, the Ii\er is enlarged and tender, and dependent edema 
appears Ascites occasionall> develops but h>drothorax has, in 
in mj experience, been rare m the heart failure of emphjsema 
Cjanosis is usuallj verj pronounced because of the combination of 
circulatorj and v entilatorj iDsufBcienc> , some of the patients 
ultimately resemble the black cardiacs (page 544) The heart 
IS rapid Auricular fibrillation is not rare The demonstration of 
cardiac enlargement bv palpation or percussion is usuallj not feas- 
ible because the voluminous lungs obscure the cardiac dulness 
Jloentgen examination often reveals enhTgement of the right 
ventricle and auricle and pulmonarj artery (page 537) with which 
may be associated for reasons already mentioned, enlargement of 
the left side of the heart However sometimes it is difficult to dem- 
onstrate cardiac enlargement actuallv present because this is masked 
by the median position of the heart due to the low diaphragm Epi- 
gastric pulsation IS common but has not its usual \ alue as a sign of 
right ventricular hvpertrophv because of the low position of the 
diaphragm Right-sided gallop rbvthin m the xiphoid region is a 
rare finding One w ould anticipate right axis deviation m the electro- 
cardiogram, but It IS present in only a minontv of the cases The 
blood pressure is usuallv mamtamed until close to the end and may 
even rise presumably as a result of defective aeration of the blood 
Some of the patients go through several bouts of heart failure over 
a period of y ears rallying vvith appropriate treatment But other 
cases go steadily dow nhill 

FIBROID PHTHISIS, NON-TDBERCULOUS FIBROSIS OF THE 
LUNGS AND ADHESIVE PLEURISY 

Hypertrophy of the right ventricle is not uncommonly found at 
the necropsy of individuals who have succumbed to fibroid phthisis 
or widespread cirrhosis of the lungs secondary to pneumokomosis 
or chrome non tuberculous infections of the lungs and bronchi 
Coggin, Gnggs and StilIson‘‘ found exclusive hypertrophy of the 
right ventricle in 44 1 of 102 necropsies on individuals with pneumo- 
coniosis The occurrence of right > entneu/ar hypertrophy as a resu/t 
of pulmonary tuberculosis was long disputed but was established by 
HirschV^ measurements of the weights of the individual chambers 
of the heart Hvpertrophy of the right ventricle is absent or slight 
m tuberculosis in the y oung and m cases which run a relativ ely rapid 
course, but may be well marked in chronic fibroid phthisis involving 
a large part of both lungs and with its usual cortege of emphysema 
and pleural adhesions Even m th^ cases of fibroid phthisis it 
IS usually not feasible to demonstrate the right ventricular enlarge- 
ment during life Part of the difficulty itl the radiographic demon- 
stration of right ventncular enlargement m these patients even 
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when it 13 later found at necropsy to be quite pronounced is due 
to tlie fact that most of the tuberculous ha\ e a hypoplastic drop 
heart tlie dimensions of which may not exceed the normal after 
considerable augmentation of the volume of the nght ventricle 
Boas and Mann* found nght axis deviation m only 29 per cent of 
their tuberculous patients and the percentage was not notably 
higher m the cases with extensive fibrosis or pleural adhesions 

The cause of the right ventricular hjpertrophy in widespread 
pulmonary fibroses is presumably increased resistance to blood flow 
through the lungs resulting from destruction of interalveolar septa 
v\ith tiieir included capillaries In addition most of tlic cases 
develop well marked compensatory emphjseraa 

In these flbroscs of the lung the hypertrophied right ventricle 
gcncrall> mamlams an adequate circulation until the terminal 
stages of the disease and it is only then if at all that swcilmg of 
the veins and liver edema and other evidences of right ventricular 
failure appear The cjanosis and dyspnea from which the patients 
so often suffer for > cars are almost always predominantly or entu’ely 
due to the pulmonarj lesions per ae and not to circulatory failure 
I have repeatedly found normal pulmonarv circulation time m 
patients with fibroid phthisis who suffered from severe dyspnea 
and were marked^ c>aiiotic Occasional]) protracted insufficicnc) 
of the right side of the heart complicates the pulmonary fibroses 
Tim generally occurs m older individuals and it ma> be that 
coronary arteriosclerosis is concerned in the pathogenesis of the 
heart failure 

An occasional cause of circulatory embarrassment in patients with 
pulmonic fibrosis is duplacaaent of the heart with resultant kinkmg 
of the great vessels This is perhaps most often seen in chronic 
fibroid tuberculous lesions of the left upper lobe w hich pull the heart 
upward and to the left In such cases the djspnea and cjanosis 
may be very severe 

Subcutaneous edema m far advanced pulmonary tuberculosis is 
rarelj due to heart failure JIuch more often it is a cachectic 
edema due to hj’poprotememis a manifestation of amyloid nephro 
SIS or results from the ■venous thrombi which are so common in the 
last stages of phthisis 

Widespread pleural adhesions have ako been considered among 
the causes of hypertrophy of the nght ventricle with ultimate failure 
In at least the large majority of the cases mtrapulmonary factors 
are also concerned Pleural adhesions may entail circulatory 
embarrassment with dyspnea and oanosis through displacement 
of the heart or compression of the ^at vems by fibrous bands 
resulting from a pleuroraediastmal mflammation 
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PULMONARY ENDARTERITIS 

Widespread narrowing of the small pulmonary arteries may 
mcrease the work of the right ventricle so much that it is the mam 
or an accessory cause of hypertrophy and ultimate failure of this 
chamber Such a succession of e\ents is observed m two mam 
groups of cases 

1 Artenosclerosis and arterwiosdeTosis of the pulmonar\ radicals 
develop as a result of the long standing hypertension engendered 
m the lesser circulation by mitral stenosis pulmonarj emphysema 
or the fibroses of the lung The resulting clinical and anatomical 
picture has been described m detail bj Moschcowitz ** who terms 
it the 5\ndrome of h\pertens!on of the pulmonary circulation In 
rare instances the arteriolosclerosis is so marked that it maj add 
significantly to the work of the nght \entriclc and thus play a part 
m the failure of this chamber There would seem to be little doubt 
that these secondary artenohr lesions m the lungs play a significant 
role in the production of d\spnea c\anosis and other symptoms m 
manv long standing cases of mitral stenosis m which the clinical 
picture approaches that of the black cardiacs about to be described 
The lesions m the pulmonary arteries and arterioles m these cases 
are similar m structure and pathogenesis to those found in the a essels 
of the greater circulation m essentia! hypertension and are doubtless 
to be included m the concept of arteriosclerosis In fact Parker 
and ^^elS5” have shown that m long standing mitral stenosis there 
may even be arteriolar necrosis m the lungs akin to the necrotizing 
arteriolar changes m the kidney m the malignant phase of essential 
hj pertension 

2 The second group of cases is characterized anatomically bv 
intimal thickening due to proliferation of the endothelium and 
mtimal connective tissue and cellular infiltration of the mtima i e 
by endarteniia prohferans which is presumablv of inflammatory 
origin and therefore not included m the rubric of arteriosclerosis 
There may also be mflammatorv lesions m the media and adv entitia 

ese changes a/so aflecf the larger pu/monarv arteries. 

This section is concerned with the second group of cases i e 
that m which pulmonarv endarteritis is responsible for the circu 
latory disturbance It is sometimes known as Ayerzas disease 
after the Argentinian clinician whose lecture on what was supposed 
to be this condition was later reported and amplified by his pupils 
(Arnllaga* and Escudero”) However Romberg** and others had 
prev louslv described cases of primary pulmonary arteriosclerosis 
For detailed survevs the reader is referred to the monographs of 
Posselt“ and Ljungdahl ** and especially to the recent review^ of 
Brenner ” 
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Occunence and Etiology of Pulmonary Endartentis — It generally 
occurs in %oung or imddle aged idults The cases are rare m this 
countrj and apparcntlv m Europe I have seen 4 or 5 patients m 
whom the clinic il criteria point^ stronglv to pulmonary endarter 
itis but apart from the case mentioned below m which the pulmonary 
lesions were part of a widespread thrombo-arteritis ha%e had no 
opportunitj to check the diagnosis at necropsv Judging b% the 
reports of Argentinian cJmicwns tt ma} be more frequent m that 
country although it w ould seem that tliej include cases w hicli belong 
in the first of the above groups Rogers*^ states that primary pul 
nionar^ irternl disease is not r ire in Hindus 

Regarding tlie etiology little is known The ^Argentinian inves- 
tigators originally considered all the cases syphilitic but more 
rceentlv rcgird sv pliihs as only one of the causes AN arthin'* con 
sidercd the histological evidence of syphilitic causation conclusive 
m his case although he was unable to demonstrate spirochetes in 
the lesions Many of the pubhslicd cases arc defirutcly not of 
svphilitic etiology and in onlv a few does tins origin seem likely 
In Bacon and Apfelbach s* cases the illness apparently dated back 
to epidemic influenza and pneumonia lliey recall that Le Count 
described frequent necrosis of the minute vessels of the lung m 
epidemic influenza Since some of the cases giv e a instory of long 
standing cough the origin of the arterial lesions in long standing 
pulmonary infections is suggested In areas of chronic inflamma 
tioninthehmgs endarteritis obliterans is very common and perhaps 
some of the cases of pulmonary endarteritis are due to chronic pul 
momrv infections with predominant arterial involvement I saw 
one ease in which the pulmonary arteriolar lesions were part of a 
process widespread throughout the small arteries of tlie body they 
were apparently orgamz^ thrombi and follow eil a long senes of 
intravenous injections of a vaccine for arthritis Congenital nar 
rowing of the mouths of the pulmonary veins has been suggested 
as a cause of the pulmonary artenal lesions but small pulmonary 
veins have been found in only a few of the cases and are then 
probably a result and not a cause of the arteruil lesions (see below) 

Pathological Anatomy —The important findings are thickening of 
the waffs of the small pulmonary arteries with narrowing or obliter- 
ation of the lumens and hvpertrophy of the right ventricle 

The thickening of the walls of the small pulmonary arteries is 
generally but not alwavs visible to the naked eye when the lung 
is sectioned Microscopically it is seen to be due largely to pro 
liferation of connective tissue m the intima and media Usually 
tins tissue is poor m nuclei but sometuues the fixed tissue cells are 
more numerous and there may be foci of Ivmphocytic infiltration 
Hv alinization and other regressive changes may occur m tlie th ck 
ened intima Necrosis of the media may occur Cellular infiltra 
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tion of the media and adventitia is common Some of the vessels 
maj be occluded bj fresh or organized thrombi As mentioned abov e, 
it 13 possible that some of the cases arc initiated as a thromboangiitis 
with subsequent organization 

The truidc of the pulmonary artery and its first branches are 
greatlj dilated, the former may far exceed the aorta in circumfer- 
ence These vessels ma\ be relatively smooth or they may present 
well-marked arteriosclerosis, which is presumably secondary to the 
hypertension of the lesser circulation Localized aneurysmatic 
dilatation is rare SLcroscopicallv , the main pulmonary artery 
may show comparatively little that is abnormal or there may be 
only atherosclerosis In other cases, cellular infiltration and other 
evidences of inflammation are present Warthin considered the 
findings in his case as t\ pical of sy philitic mesarteritis 
The striking feature on examination of the heart is hypertrophy 
of the right ventricle and usually also of the right auricle As a 
result, the heart is globular, the apex is formed largely or com- 
pletely by the right ventricle, and the left ventricle may appear 
merely as an appendage hardly visible m front In some of the 
cases, the thickness of the vvall of the right ventricle exceeds that 
of the left \ entncle The left side of the heart and the pulmonary 
veins have been observed to be atrophic and abnormally small, 
this IS presumably a consequence of the small amount of blood 
they are called upon to handle, the state of affairs being analogous 
to that of the left v entncle in ‘pure ’ mitral stenosis 
The state of the lungs is variable Posselt, Eppinger and Wag- 
ner, and Bacon and Apfelbach call attention to a pale and blood- 
less condition of the lungs, which may be small— just the opposite 
of what is found m failure of the left side of the heart Sometimes 
there is emphv sema, but m other cases this is slight Small infarcts 
or bronchopneumonia mav be present 

The other organs reveal cyanosis and chronic passive congestion, 
edema is often massive 

Clinical Picture —In a number of cases the clinical picture has 
been sufficiently distmctiv e to enable the diagnosis to be established 
during life In others, the diagnosis has not been suspected until 
postmortem examination, largely, it would seem, because the pos- 
sibility of pulmonary endartentis has not been borne m mind 
The characteristic picture is one m which deep cyanosis and great 
enlargement of the right side of the heart are unaccompanied by 
enlargement of the left heart (especially the left auricle) or marked 
emphy sema 

Various types of onset hav e been observ ed In some of the cases, 
there has been a preliminary period of years of cough or asthma, 
during which the patient is not cyanotic In others, the onset is 
fairly abrupt with sudden symptoms as dyspnea, palpitation, 
34 
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thoracic pain, edcm’i and \\Mkness Cjanosis maj precede marked 
subjectn e s\ niptoms 

Vyspnea is nearlj ahvajs present It Js exertional, but there nn\ 
also be attacks of paroxjsmttl djspnea and a historj of pre\ious 
bronchial asthma is sometimes elicited In many of the cases, 
dj spnea is comparativ cly mild, and it is a characteristic feature that 
cj anosis is f ir more pronounced than dyspnea Orthojinea is 
generally ibsent, but rm\ appear toward the end 
Cough IS commonly present, but may be absent Some of the 
cases have recurrent small hemoj^gsei 
Palpitation and thoracic jrain may be present ^Vhile the pain 
ma\ simulate that of coronary artery disease, it is often poorly 
localized within tlie chest Peculiar seizures of what has been 
termed "angina hypcrcjanotica” have been described consisting 
in violent mtratlioracic pam accompanied by deepening of the 
CJ vnosis 

Somnolence is a striking feature of many of the cases m the last 
months and is perhaps due to protracted anoxemia Some of the 
patients sleep most of the time and niaj die in their sleep 

Headache veal ncs^ and syncope are other complaints, which may 
be present over j cars 

Cyanosis is the dominant objective characteristic, for which 
reason the patients have been called Week cardiacs by Argcntiman 
clinicians Indeed, the cjanosis is so deep that the patients often 
appear blackish blue for a considerable period Ihe cjanosis may 
be as deep as the most intense seen m congenital heart disease It 
often becomes more pronounced during episodes of heart failure 
Examination of the heart reveals marked enlargement of the 
right ventricle and almost alwajsalsoof the right auricle (page 374) 
The pulmonary conus is greatly enlarged ^Vliat is characteristic 
18 that fluoroscopic study shows that the increase in the size of 
tlic right heart is not accompanied by enlargement of the left 
auricle and left v entricle The pulmonic second sound is greatly 
accentuated and the diastolic murmur of relative pulmonary 
regurgitation may be audible nicre may be right sided gallop 
thytlvm The heart rate is usually moderately accelerated Ar- 
rhi thinias other thao extris} jJoJej sro rve The ehctrocardiogram 
reveals right axis deviation usually with inversion of the T wave 
m the thirf lead The arterial Wood pressure is not diaracteristically 
changed 

Ihe lungs may reveal surpnsmglj little There may be moderate 
emplijscraa but m most of the cases this is not demonstrable 
Auscultation may disclose little change in the breath sounds or 
there inaj be scattered rales Several clinicians have stressed the 
importance for tlie diagnosis of unusually light lung fields in the 
roentgenogram, corresponding to the bloodless state of the lungs 
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at necropsy, and quite the opposite of what is seen m chronic passive 
congestion of the lungs Dilatation of die primary branches of the 
pulmonary artery may be promment m the roentgenogram 
After the right ventricle has failed, the superficial leim and hier 
swell, the venous pressure rises, and dependent edema and often 
asciiee appear The edema may become very massive As a rule, 
the appearance of edema presages that the end is a matter of months 
The spleen is palpable m many, though not all, of the cases 
It IS rather surprising that clubbing of the fingers is absent m the 
large majority of instances 

Ophthalmoscopic examination may show retinal hemorrhages and 
marked papilledema In one patient whom I studied, an excellent 
response of the sjmptoms of right ventricular failure to digital- 
ization was accompanied by complete clearing up of the retinal 
hemorrhages and edema 

Polycythemia is present m most of the cases Red cell counts of 
over 9 000,000 have been recorded 
In many of the cases, the clinical course exhibits two quite well- 
defined stages In the first stage, the objective findings are com* 
pletely dominated by cyanosis and evidences of insufficiency of the 
right ventricle are absent, even though this fhamber is greatly 
enlarged In one case in this stage, with marked cyanosis, I found 
a normal pulmonary circulation time Such a finding indicates the 
presence of changes in either the capillaries or the pulmonary par- 
enchyma interfering with gas exchange This initial stage may last 
for years In the second stage, the evidences of uisuEBciency of 
the right heart are added to those of deficient aeration of the blood 
in the lungs Often, the heart failure is rapidly progressive and the 
patient succumbs within a few months but in other cases several 
bouts of heart failure are overcome writh appropriate treatment 
Caremomatous Endarteritis and Other Obstructions of the Pul- 
monary Arteries —Schmidt *® Greenspan,” and Bnll and Robert- 
son” hav e described cases in which carcinomatous metastases to the 
lung narrowed the pulmonary vascular bed sufficiently to result in 
hypertrophy of the right ventride In Greenspan’s cases, the narrow- 
ing of the pulmonary arterioles was due not so much to carcinoma tous 
emboli within these vessels as to obliterating endarteritis resulting 
from carcinomatous lymphangitis in the perivascular lymphatics 
In two of the cases described in Greenspan’s interesting paper, there 
were not only dyspnea and cyanosis, which might be due directly 
to the pulmonary metastases, but al^ such evidences of right ven- 
tricular failure as swellmg of the liver and generalized edema 
The right ventricular failure may progress so rapidly that Brill 
and Robertson speak of subacute cor pulmonale 
Interestingly enough, similar nght ventricular strain and failure 
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may occur m sch^tasomiana as a result of blocking of the minute 
pulmonary \esseU 

Yater and Ilansmann” observed h^pertrophj and failure of the 
right ventricle in two patients with sicUc-ceU anemui In one, 
nccropsj disclosed thromboses in the small pulinonaiy arteries, in 
the other thickening of the walls of the pulmonary arterioles 

Recurrent pulmonary embolism as a cause of chronic right ven- 
tricular strain is discussed on page 557 

KYPHOSCOLIOSIS 

Most hunchbacks ultimatclj succumb to heart failure Thus. 
Boas* quotes the figures of Bachman, who found that 116 of 105 
patients with kv phoscoliosis died of cardiac insnfiiciency 

That heart f ulure is so common m kyphoscoliosis is hardly sur- 
prising As a result of tlit thoracic deformity, large volumes of 
pulmonary parencliyana arc compressal and rendered atelectatic 
Where the deformity dates back to childhood, some parts of the 
lung do not develop Huchanl** describes a case m which the left 
lung was smaller than the fist In other portions, there is compen- 
satory emphysema Moreover, the great vessels are often kinked 
These changes doubtless increase the resistance to pulmonary blood 
flow and thus strain the right ventricle The work of the right 
ventricle may also be increased by paroxysms of violent cough 
from the bronchitis to which these individuals are so susceptible 
Displacement of the heart, abnormal curvature of the aorta in 
following the spine, and kmking of the vessels leaving the arch of 
the aorta raav also embarrass the left ventricle In accord with 
tliese considerations Bachman (quotcil by Boas) found in 154 cases 
of kyphoscoliosis, hypertrophy and dilatation of the right ventricle 
in 87, of the left ventricle in 27, and of both ventncles in 40 From 
these figures, it is evident tliat the right ventricle bears the brunt 
of the circulatory strain m kyphoscoliosis The hypertension of 
the lesser circulation is often revealed by accentuation of the pul- 
monic second sound, although this may be masked or its interpreta- 
tion rendered difficult by the tlioracic deformity Another conse- 
quence of the high tension m the lesser circuit is the pulmonary 
arteriosclerosis which lias repeatedly been found 
Dyspnea and cyanosis, especially on exertion, are often present 
for many years It is frequently difficult to determine to what 
extent these are due to circulatoiy failure and how far to diminution 
in the aeration surface and impairment of the ventilation of the 
lungs Measurements of the pulmonary circulation time would aid 
in this differentiation, but apparently have not been earned out 
When the right heart finally fails, swelling of the veins and liver 
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and edema appear Boas obser\ed paro^smal auricular fibrillation 
and states that persistent tachycardia as ^\ell as attacks of palpita 
tion and precordial pain are common 

TRICUSPID REGURGITATION AND STENOSIS 

Apart from excessively rare developmental anomalies and bac 
terial endocarditis the latter of which has little effect on circulatory 
dynamics organic tricuspid defects are of rheumatic etiology They 
are by no means as rare as is often thought Thus Cabot** found 
33 tricuspid stenoses in 220 necropsies on individuals with valvular 
defects and Dressier and lisclier * in 123 necropsies in cases of 
endocarditic valvular disease observed tricuspid stenosis (practi 
cally always combined with iiisufficiencv) 30 times and tricuspid 
regurgitation 8 times However such high incidences refer only 
to postmortem findings The large majontv of the cases are not 
susceptible of clinical diagnosis 4Jmost invariably organic tri 
cuspid defects evolve m patients in whom mitral stenosis had 
previously reached a considerable seventy and m many of whom 
there is also aortic valvular disease Stenosis of all three orifices 
IS by no means a rarity While tricuspid stenosis on rare occasions 
becomes so severe that the orifice will not admit the little finger 
it IS very exceptional that the narrowing is even nearlv as tight 
as that of the mitral valve Since the mitral valve is thus the 
point of greatest obstruction to the circulation it is not surprising 
that in the vast majority of instances the picture continues to be 
dominated by the consequences of the pre-existmg mitral stenosis 
Tricuspid stenosis m the absence of significant disease of the other 
valves IS a clinical curiosity Futcher® found onh 14 such cases in 
the literature and I have not encountered the condition 

In the organic tricuspid defects both stenosis and insufficiency 
are almost alvvay s present bv the tune of iiecropsv The anatomical 
changes are verv similar to those in the corresponding defects of the 
mitral valve (page 489) except tint they are rarelv as far advanced 
as the latter The pathoJogical pb}sioiog^ and mechanism of 
compensation are also analogous to those of the left sided aunculo 
ventricular defect Even well marked tricuspid defects mav be 
well compensated for years as is sometimes shown bv the finding 
of an obviouslv old stenosis at the necropsv of an individual who 
had had sy mptoms of heart failure for only a short time 

Fumtional incuspid insufficiency (page 402) is a manifestation of 
dilatation of the right ventricle The latter is almost always 
secondary to hypertension of the lesser circulation engendered bv 
failure of the left side of the heart in mitral aortic hy pertensiv e or 
arteriosclerotic disease or by emphysema Such functional incom 
petence is by far the most common cause of dv namically significant 
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tncuspid regurgitation Even nhen lesions of tlie tricuspid \alve 
ure found at Uit necropsy of a patient with rheumatic heart disease 
who presented clinical cxidencc of tricuspid leakage the functional 
element is usually the more important m the production of the latter 

Cluuc&l Manifestations of Tncuspid Defects —From the foregoing 
it will be esident that tncuspid defects are almost always merely 
complications of pre-existcnt cirdiac lesions Ihe former can 
rarely be said to ha\e a clinic il picture of their own and the fol 
lowing will be confineil to a description of the modifications in the 
symptom itologN of mitral stenosis which result from the deiclop- 
ment of tricuspid obstruction Only exceptionally are these suffi 
cicntlv characteristic to enable the recognition of the complication 
Ihe inanifestatioiis of tricusp I regurgitation have a'rcady been 
discussed (page 402) 

Dyspnea ind sometimes orthopnei ire present m patients wth 
heirt failure resulting from mitral and tricuspid stenosis and may 
be vers severe However lutchcr Hernck** and others have 
observ ed that in some of tlie cases the dv spnea is remarkably slight 
and the patient unusuaih comfortable despite a huge liver ascites 
and massive edema I have been struck in several such ctscs bv 
the absence of ortliopnea It w to be presumed that the amchora 
tion of the dy spnea and orthopnea isdue to the tncuspi J obstruction 
militating igiinst pulmonary engorgement However the phe> 
nomenon even when present is not characteristic of tncu«pid 
stenosis for we liavc seen that the same relief of dyspnea often 
follows failure of the right ventricle in the absence of tricuspid 
stenosis (page 5051 

Cy aiiosis is present m the large majority of patients with tricuspid 
stenosis and heart failure Wiile the cyanosis is often very deep 
this IS not characteristic for equally deep cyanosis may occur m 
uncomplicated mitral stenosis Cyanosis may be totally lacking 
m corapensatetl tricuspvd stenosis Paroxysmal cyanosis akin to 
that seen m congenital heart disc isc has been observ ed m tricuspid 
stenosis 1 he cy anosis is not uncommonly mixed w ith faint icterus 
(cyanotic icterus) but this also occurs lu decompensated mitral 
disease 

Examination of the heart rev eals broadening to the right resulting 
from enlirgement of the right ventricle ind especially the right 
auricle The enlargement of the nght ventricle also leads to a 
precordial heav e and epigastric pulsation But these phenomena 
may also result from mitral stenosis In a patient who was under 
observation at hlontefiore Hospital for sixteen y ears with a lieart 
ilmost reaching the right axilla because of wluch tricu pid disease 
was suspected mitral stenosis was found at necrojisy It might I c 
tliought tlltit the auscultatory findings would be lelpful in the 
detection of tr cuspid lesions but this is rarely the case A systolic 
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murmur of nnxunum mtcnsiU in the \iphoid region and trans- 
mitted better to the right ij> heard in onh v fraction of c ises of 
tricuspid leakage md m be due to functional insufhcienc\ As 
m all parts of the precordium sastohc murmurs in the xiphoid 
region m i\ be heard in healtln people The characteristic diastolic 
or prcs\stohc murmur of tricuspid stenosis heard best m the 



Fig 21 —Enormous enlargement of the n^t sde of the heart in a pat ent with 
trieuBp d and m Iral stenosis 


Xiphoid region ind to the right of the sternum is a rarit\ and is 
not he ird m man\ cases which pro^ e at iiecropst to ha% e moderate 
or e\en considerable tricuspid narrowing Absence of the atcentu 
ation of the pulmonic second sound which is usualh present m 
tlecompensated mitral stenosis h is been reg irdcxi as ei idence of 
complicating tricuspid stenosis but ma\ result from right heart 
fulure without such complication The electrocardiogram gener 
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nllj shows riglit nxis (Itvatiomml pnor to the onset of luricuhr 
fibrillation cMilcnte of auriculir h>pcrtrop]ij in the form of a 
bronil amf split P w i\c (Drtssli.r ind 1 i‘<lier) \uncul ir fibnll i 
tion dc\ tlops in a high proportion of the c ists 



rio 22 The same pat ent os n £eure 21 v th Ibo r ght shoulder to ho sc ecu 
ehoViUie the poster or enlargement nod the comp ess on of the bar um filled csoph 


In some cases tricuspid stenosis la discovered bv the studv of tl c 
pulsations m tlie cervical vans and liver Rlackenzie^* described 
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a prominent presj stolic pulsation in the cer\ncal \ ems, documented 
m the phlebogram bj a large a \;ave It is due to the powerful 
contraction of the hj'pertrophic right auricle encountering increased 
resistance at the narrowed tricuspid orifice, so that more blood than 
usual is dammed back mto the sjstemic \e 1113 Of course, this 
evidence of tricuspid stenosis is absent when the auricles fibrillate, 
and it la not always demonstrable eien with regular rhjthm 
Dressier and Fischer mention cases of tricuspid stenosis, both com- 
peoaated and decompensated, m which no cer\ical pulsations could 
be seen The\ also state that thej ha\ e encounter^ a large a wa^ e 
m patients with aortic regurgitation but no tricuspid stenosis 
Alackenzie origmallj regarded a prominent auricular wave in the 
liver pulse as characteristic of tricuspid stenosis, but he and others 
ha\ e since observed this phenomenon m right heart failure without 
tricuspid obstruction 

\scites ma> recur over a long period m tricuspid stenosis, but 
the same phenomenon is observed m other forms of right heart 
failure as well as m mediastmo-pencarditis 

It was fonaetl} thought that the possibilities for compensation 
m tricuspid stenosis are poor However, the ngbt auricle some- 
times hj-pertrophies enormouslj —instances have been described in 
which It was almost as thick as the right ventricle— with the result 
that the patient is able to work for }ears Patients with tncuspid 
stenosis and auricular fibrillation mav improve from several bouts 
of heart failure 

PULMONIC STENOSIS 

lincomphcated pulmomc stenosis furnishes the paradigm of right 
ventricular strain and failure However, the uncomplicated lesion 
IS so rare that it will be discussed but bneflj Acquned pulmomc 
stenosis IS a great rari^, I have not seen a case Congenital pul- 
monic stenosis (Abbott*) occurs m two mam varieties 

1 "Much the more frequent is pulmomc stenosis associated with 
intraventricular septal defect, most often with dextroposition of 
the aorta, forauwg the tetralogy of Fallot (page IS8) QC 151 cases 
of congenital pulmomc stenosis collected b> Abbott, 120 were thus 
complicated by mterv entncular septal defect and onlj 31 the uncom- 
plicated vanetj described m the next paragraph In this tvpe 
wuth complicating patency of the interventncular septum, the pul- 
monic obstruction is due to a developmental anomalj, and is gen- 
erally not the result of changes m the valve but of hjpoplasia 
of the pulmonary arterj and narrow mg of the conus artenosus of 
the nght ventricle The patients are generallv cv anotic from early 
m life, as has already been discussed (page ISS) According to 
Abbott’s figures, the av erage duration of life is elev en j ears and the 
maximum thirtj -six j ears 
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2 Puhnomc Siiiiom Vncomjhcatedhy Defeci of tie hiienenlncu 
/nr —Ilert. thi, sUnosas JS ilut to changes in tlie pulmonic 

cubps and according to Abbott and othcn> is at least most often due 
to fetal endocarditis A considerable proportion of the patients 
reach aiiolcscence and some c\tn pass middle life 
Compensation for uncomplicated pulmonic stenosis is attained 
b\ lijpertroplij of the right \entrielc which attains its bigbest 
degree, in this condition Ihe tlnckness of the right ventricular 
wall maj exceed 20 mm and be mudi greater than that of the left 
\entriclc As in the case of the left \entricle m aortic stenosis for 
a long tunc dilatation may be so slight that it cannot be demonstrated 
( concentric hypertrophy ) The enlargement of tlie right ven 
tncle presents itself radiotraphitally as the caur en sabol (boot 
shaped heart) and in tlic clccttoeardio},rain as perhaps tlic most 
pronounced rotation of the electrical axis to the right encountered 
m any condition Ihe \oItagc is high and the right axis deviation 
IS often actompaiucd by inversion of the T wave and a low take-off 
of the li 1 segment in the third lead so that the latter resembles 
tlie first lead in left ventricular strain \nothcr important com 
pensatory mechamsm in pulmonic stenosis is polycythemia which 
is almost always present and has been known to exceed 12 000 000 
red cells per c mm Since pulmonic stenosis tends to dimmish the 
minute volume of fiow through the lungs increase in oxygen-carry 
ing capacity of the blood would seem to subserve a useful purpose 
The compensated stage of pulmonic stenosis mav last for main 
years During this period the patient may be subjectively asvnip 
touiatic or dvspneic and cyanotic only on considerable exertion 
It IS to be emphasized that many patients with pulmonic stenosis 
have no or little cvanosis for many years tliev may be strikingly 
pale Clubbing of the fingers may be absent but is apt to develop 
witli even low degrees of cyanosis 
A considerable proportion of patients with puhnomc stenosis do 
not develop heart failure but succumb to the tuberculosis of the 
lungs which is so common in this valvular lesion Ihe tuberculosis 
13 apt to run a relatively acute course witli widespread exudative 
lesions and caseous pneumoiua I saw several patients with, pul 
monic stenosis on the Tuberculosis Serv ice of Dr Maurice b isliberg 
at Montefiore Hospital who first learned of their valvular lesion 
after symptoms of phthisis had appeared Tlie high incidence of 
phthisis m pulmonic stcnoais has been attributed to the ischemic 
state of the lungs m engorged lungs tuberculosis is rare (page 240 ) 
Bactenal endocarditis may olso occur in pulmonic stenosis but is 
more common m the cases complicated by communication between 
the two halv es of the circulation 
The development of heart failure in pulmonic stenosis is marked 
by cyanosis and dyspnea, the fonner is almost always the more 



VENTRICULAR PilLURE IN PULVOAARY EMBOLISM 553 

pronounced How e\ er, dj spnea on exertion or paroiQ sinal dj spnea 
IS present in some of the cas^ for jears before the appearance of 
cjanosis Man> deeplj cyanotic patients have little dj spnea and 
no orthopnea In fact French clinicians have observed that the 
dj spnea of pulmonic stenosis maj be less in the recumbent position 
(orthostatic dj spnea) The disability of most patients with pul- 
monic stenosis is due more to weakness than to djspnea ^Vhen 
the nght heart failure of pulmonic stenosis becomes manifest in 
the form of swelling of the svstemic veins and liver and edema, the 
end IS usually not far off C>anosi3 retinie and rarelj convulsive 
seizures are other manifestations of pulmonic stenosis 

The appearance of cjanosis m pulmonic stenosis is favored by 
the poljcytheraia, as a result of which cyanosis becomes manifest 
at lower oxjgen unsaturation of the blo^ (p'lge 183) The cja- 
nosis IS apparently precipitated bv tw o mechanisms (1 ) Asa result 
of right heart failure the venules are distended and peripheral 
blood flow slowed, (2) in a high proportion of the cases the foramen 
ovale IS widelj patent Thisisapparentlj asecondarj phenomenon 
resulting from the high pressure m the nght side of the heart due 
to the pulmouic stenosis The high pressure in the right heart may, 
at least at times result in flow of venous blood from the nght auricle 
through the patent foramen ovale into the left heart and thus 
produce c> anosis This second mechanism is probablv responsible 
for cv anosis m patients with pulmonic stenosis who have few other 
evidences of right heart failure 

Pulmonic Regurgitation —Organic piAmonic regurgitation is a 
great rarity Functional pulmonic regurgitation is discussed on 
page 405 

ACUTE RIGHT VENTRICULAR FAILURE IN PULMONARY 
EMBOLISM 

Pulmonarj embolism may occasion nght ventricular failure of 
a severity and acuitv hardlj duplicated under other circumstances 
The clinical picture of bland pulmonaiy embolism is largely deter- 
mined bj the size of the vessel occlud^ In a general waj, three 
groups of cases maj be distinguished 

1 Occlusion of the trunk or first branches of the pulmonary 
artery, which, when not immediatelv fatal, results in acute insuffici- 
ency of the right side of the heart, but only evceptionally produces 
infarction The picture may closely resemble that of my ocardial 
infarction or spontaneous pneumothorax 

2 Occlusion of one or more middle-sized branches, which is often 
asymptomatic and merely a postmortem finding, or may result m 
pulmonary infarction and perhaps shock These cases hav e already 
been considered (page) 235 
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3 Occlubiou of minute branches or capillaries which is most 
often chmcally latent However m rate instances the emboli 
are so numerous as to produce acute circulatory failure akin to 
that of embolization of tiie primary branches 

Embolisation of the Trunk and Mam Branches of the Pulmonary 
Artery —In order to plug such large vessels as the pulmonary trunk 
or its first branches an embolus must be of large size I or this 
reason tJie emboli m question rarely come from the right side of 
the heart Almost always they emanate from the \ein3 of the 
lower extremities and pcrhajis also the pchis where clots often form 
whicli arc so long that when coiled like a snake or folded on them 
selves tliey can completely occlude tJie pulmouarj trunk or its 
first branches Even when pulmonary emboli of the massive tjpe 
litre under discussion occur in mitral stenosis or other forms of heart 
disease they usually emanate not from tlie right heart but from 
the veins of the low er extremities Indeed Aschoff* states that by 
carefully unfolduvg pulmonary emboli be has always been able to 
prove that one is dealing here with blood clots 35 to 45 cm m 
length and tliat tlie only vessel which comes into play as a 
possible source is the femoral vein Ibese pomts are brought out 
to emphasize how important it is to examine carefully the veins of 
tlie loner extremities in bed ndden patients Unfortunately mas- 
sive embolization not rarely occurs from veins which present little 
external evidence of infiammation or thrombosis 

Tin. causes of venous thrombosis m the lower extremities will not 
be discussed here in dctiil (See the classical article of Welch ”) 
Suffice It to say tint the most common occurrence of embolization 
of such clots 13 about the second or third week after abdominal 
operations especially those on the female pelvic organs and prostate 
and tlic V ictims of carcinoma in the same period of the puerpenum 
m prolonged v enous stasis due to heart failure and m infectious 
phlebitis of the lower evtrcunlies especially when the latter does 
not occur m varicose veins How important a role intravenous 
injections play in the increase in thrombosis and embolism first 
observed in Germany following the fiist ^^o^Id War has not been 
established in any event emboli from the upper extremity are 
rarely of the type here under discussion being generally only large 
enough to occlude a medium sized or small artery 

Cbmcal Picture —Complete pluggmg of the trunk of the pul 
monary artery is of course quickly fatal It accounts for the most 
tragic of accidents following operation or dcliverv Usually about 
the second week after the event often when the patient sits up for 
the first time she suddeiilv gaspsand is dead before anv one cm reach 
her Or she may cry out become pale then perhaps cyanotic and 
almost black and succumb within seconds or mmutes Similar 
quid death may occur after oorlusiou of only one of the mam 
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branches, or after incomplete plugging, vanous unprov ed hj’potli- 
eses, including reflexly induced ^asm of the pulmonary arteries, 
have been advanced in the effort to explain such an occurrence 
In other cases of massive but incomplete embolic occlusion of 
the trunk or first branches of the pulmonary artery, death is not 
so nearly instantaneous and exceptionally recovery ensues Hamp- 
ton and ^Vharton*® found that of their patients with pulmonary 
embolism following gynecological operations, 50 per cent succumbed 
within thirty minutes, 25 per cent between fifteen and twenty-four 
hours after the occlusion, and 10 per cent recovered The clinical 
picture in these cases of massite pulmonary embolism which do not 
succumb immediately IS a remarkable combination of shock and systemic 
tenons engorgement due to the acute failure of the right lenincle In a 
brilliant contribution which initiated the present intensive study of 
the subject, JIcGinn and White*^ term it acute cor pulmonale The 
onset is sudden, usually dramatic The first symptom is almost 
always suffocation of agonizing seventy Sometimes, the first 
complaint is of pam in the sternal region, either side of the chest, 
or in the shoulder However, the dyspnea is so overpowering that 
it IS not always differentiated from pam m the ordinarv sense, and 
the patient is m no condition for precise questioning Occasionally 
the sufferer, especially if hyposensitiv e, simply complains of w eakness 
and faintness tCollapse may be the only manifestation with little 
indication of respiratory embarrassment The patient cries for 
aid, or may be too weak to do so Consciousness is sometimes 
retained practically to the end, or the sufferer may lap&e into coma 
Twitchings or convulsions occasionally occur, and there may be 
involuntary passage of urine and feces Not rarely, there is tem- 
porary improvement followed by quick death as the plugging 
becomes more complete or a fresh embolus completes the occlusion 
The objective findings m massive pulmonary embolism are 
produced by the acute right ventricular failure and belong m three 
categories manifestations of shock due to decreased cardiac output, 
results of the intense engorgement of the systemic veins, and 
ewdencta the dilatatvww of tho Tvgbt heart awd pvdmowaTy arteiy 
^Yhen shock dominates, the patient is ashy' pale, covered with pro- 
fuse perspiration which may soak through the bedclothes, the 
extremities are cold, the pulse hardly if at all palpable, and the 
arterial tension low The insufficiency of the right side of the heart 
results in intense sw elhng of the v eins of the neck and rapid enlarge- 
ment of the liv er Remarkable in some cases is that the engorge- 
ment of the cervical veins is accompamed by constriction of the 
veins m the extremities (page 656) The imtial pallor mav be 
replaced more or less rapidly b\ cyanosis which may become almost 
black The heart rate is rapid until the terminal (probably anox- 
emic) slowing embryocardia is common, and the pulmonic second 
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sound maj be accentuated Lord** and others Iia\e been able 
to demonstrate by percussion the dilatation of the right heart th it 
13 found at postmortem A rough systolic murmur accompanied 
by V thrill in the second left mtersp icc h is been he ird Among the 
other physical signs described by hfcGinn ind White irc palpability 
of the dilated pulmonara irtery in the second left interspace 
what sounds like u pcricaidial friction mb in this locition^ and also 
gallop rhy thm best he ird m the second and third interspaces to the 
left of the sternum Examination of tlic lungs soon after tlie 
occlusion generally reveils little uhnomial It has been said that 
w hen one branch is occluded, this side may lag m bre ithing lilies 
generally de\clop after a time in one or both sides, and widespread 
pulmoiutry edem i may ajipcar it the cud In embolism of the 
pulmonary iirttr\ without iiifirction W^estermark^' has observed 
ischemia of the branches of the pulmonarv arterv distal to the 
obstruction resulting in a chnhcd arct with diminished vascular 
markings Fev er and leukocy tosis are common 
It 13 evident that the picture closdv resembles that of mvo- 
cardial infarction ulFccting tlie interventricular septum, which also 
causes the coinbmation of sliock with svstcmic venous engorge- 
ment Hamburger and Saphir** Avtrbuck * and McGinn and 
White have pointcvl out how difRcult miy be tlic difTeruitial diag- 
nosis between pulmuturv embolism ind coronAy thrombosis 
I have known this dileoinva to occur on a number of occasions as 
well IS confusion witli spontaneous pncumotliorax Usuallv, tlie 
circumstances under which Uie vascular accident occurs indicate 
the diagnosis Often the characteristic electrocardiographic find- 
ings of myocardial infarction sliow that tins is present However, 
It must be borne m mind Uiat pulmonarv embolism may also cause 
eleetrocardiognphic ch ingcs which may indeed be sufficiently 
characteristic to lead to the suspicion of or confirm the diagnosis 
(McGinn md Wnte Birncs*) These electrocardiogr iphic changes 
m pulmonarv emhohsm were ongiiuliv dcscnbc'd b\ McGinn and 
Wliite as follows The changes tint appear significant are the 
presence of a Q wave and late inversion of the T wave in Lead III, 
the nther origin of the T ^itha gradual staircase ascent 
of the S T interval in Lead II, a prominent S wave and a slightly 
low origin of the T wave in Lead I, and an inverted T wave with 
upright P and QRS waves in I cad IV In some of their cases the 
electrical axis sliifted to tlie right Particularh important for the 
differentiation from the electrocardiographic changes of posterior 
myocardial infarction with which the electrocardiogram of pul 
monarv embolism is most apt to be confused is tbe ilev clopment 
of a large S wave m Lead I and of inversion of the T wave m the 
precordial lead The ty pical electrocardiogram described by AIcGinn 
and White does not occur m by am means all instances of pulmonary 
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embolism (qf Sokolow“ el al) But Barnes points out that it is 
especially apt to occur in massiae pulmonary embolism which pro- 
duces the clinical picture of acute right heart failure described abo\ e, 
and this has also been my experience In all probabi]it> the electro- 
cardiographic changes characteristic of pulmonarj embolism are 
manifestations of ischemia of the right \entricle, induced on the 
one hand bj the enormous increase m the work of this chamber and 
on the other b\ the impairment of the blood flow to the right 
ventricular myocardium due to the pronounced increase in the 
pressure within the right side of the heart Also understandable 
on the basis of ischemic pathogenesis are the transient bundle branch 
block (Durant et al ”) and other transient electrocardiographic 
changes tliat have been observed in pulmonary embolism Good 
support for the conception of ischemic damage to the myocardium 
in massive pulmonarv embolism is afforded by the ohsenition of 
fresh mvocardial necrosis by Horn Dack and Fnedberg ** 

Repeated Pulmonary Embolism —Successive emboli, some large, 
may lodge m the lungs over a period of months These emboli 
become organized and the obstruction they cause may be augmented 
by superadded thrombosis Belff has described cases of this type, 
and believes that such recurrent embolism may cause chronic cor 
pulmonale with the picture of “Ayerza’s disease ’ (page 541 ) 

Embob m the Small Pulmonary Artenes — As already mentioned, 
embolization of the small pulmonary arteries generally produces no 
clinical manifestations Such emboli probably occur in a high pro- 
portion of instances of venous thrombosis It seems plausible that 
minute emboli often result in tiny infarcts m patients with passive 
congestion of the lungs, and thus are one of the causes of the blood- 
streaked sputum so common in such cases 
Bland emboli in the small pulmonary artenes and capillaries 
become of clinical significance only when they are exceedingly 
numerous This occurs under two unusual circumstances, namely, 
air and fat embolism In the extremely rare cases m which a high 
proportion of the pulmonary vessels are embolized by gas or fat, 
there may be an extremely severe and sometimes rapidly fatal clinical 
course resembling that of massive embolism of the pulmonary 
trunk— violent dyspnea, cyanosis, feeble or impalpable pulse 
other features of shock, and engorgement of the systemic veins 
It 13 thought that these syTnptoms are due not only to the interfer- 
ence vvitli the gas exchange in the Jungs, but even more to the 
emboli so increasing the resistance to blood flow through the lungs 
that the right ventricle fails There may be convulsions, coma, 
hemianopsia, and other cerobral symptoms, in which cerebral emboh 
may be concerned, though these may also apparently result entirely 
from anoxemia due to the pulmonaiy plugging In the case of air 
embolism, some believe that the circulatory failure is not due entirely 
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to the plugging of the pulmonajy vessels, but that ah trapped m 
tile right ventricle may cause dilatation and failure of this chamber. 
A churning sound has been heard over the heart, and it is said that 
the percussion note in this region may be tympanitic For details 
concerning gas and fat embolism, the reader is referred to Welch 
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HEAIIT I 4ILURL INIIIATED BY GFNFRALIZED 
CARDIAC STRAIN 1 ACCt LERATION OF 
HIE CIRCDLATIOV 

In the preceding chapters wc have seen that tlie large majority 
of instances of licart failure are initiated bj strain of eitlier the left 
or far more rarely, of the right side of the heart In left sided 
failure there is usualK subsequent strain and insuIBciency of the 
right ventricle There are however also varieties of lij'posjstohc 
heart failure in which the initial strain involves simultaneous!} all 
the chaiiibcrs of the heart This occurs under two diametrically 
opposed circumstances 

1 Acceleration of the circulation with increase in the venous 
return to the heart 

2 Diituso mjocardial disease 

ACCELERATION OF THE CIRCULATION 

Acceleration of the circulation is manifested bv an increase in 
the venous return to Uie heart Since the heart must pump this 
increased minute volume of blooil there is corresponding augmenta 
tion in the work of each of the cardiac chambers 'Ihe conditions 
characterized by protracted acceleration of the circulation with 
consequent increased work and strain of all the cardiac chambers 
are hjperthjroidvsm anemia fever (sec Chapter \\\II) atteno 
venous dstuln and hypogl}cemia It will be seen in the following 
that before the overwork of tlie heart leads to failure there is 
usuall} if not alwavs diminution m tlic functional capacity of the 
mjocarduim Hard labor and athletics are forms of phjsiological 
acceleration of the circulation which increase the work of tlie heart 
and thus produce h\ pertrophy but do not per se lead to failure 

Hyperthyroidism —In livpcrth} roidism the work of all the 
chambers of the heart is incrcas^ The heart is almost always 
equal to tlie task m the } oung but in the elderly cardiac failure may 
develop In fact smee the determination of the basal metabolism 
has become an ev erj day procedure it has become e\ ident that the 
initial clinical manifestations of hyperthyroidism may be those of 
heart failure or of auricular fibnilation the thyrogeme origin of 
which may not be evident vintvl the oi^gen consumption is measured 

Adaptation of the Circulation to the Increased Metabolism m Hyper 
thyroidism —The outstanding feature of the circulation in hvper 
thyroidism is an increase m the cardiac output which is largely 
(560) 
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although probably not entirely, an adaptation to the enhanced 
metabolic rate 

Oxygen consumption is greatly increased m hyperthyroidism, 
it often exceeds the normal by 50 per cent and rarely 100 per cent 
As showTi by Plesch,“ and by more accurate methods by LUjestrand 
and Stenstroem and Fullerton and Harrop, the greater amount of 
oxygen consumed in the tissues is delivered by an increase in the 
volume of circulation The cardiac output m hyperthyroidism may 
be more than double the normal Indeed, the observations of Lilje- 
strand and Stenstroem,®* Fullerton and Harrop,*' and Gladstone*® 
reveal that the cardiac output is augmented proportionally more 
than IS the oxygen consumption, for they found a subnormal 
arteriovenous oxygen difference This is also shown by the finding 
of Bootbby and Rynearson'* that the cardiac output m hyper- 
thyroidism 13 greater than that for equal oxygen consumption 
during work by a healthy person Grollman** points out that the 
relatively greater increase m cardiac output than m oxygen con- 
sumption indicates that the former is not entirely a direct adapta- 
tion to the latter It seems plausible that part of the augmentation 
m cardiac output is due to the increase m blood flow through the 
skm, which helps to dissipate the pretematurally great amount of 
heat produced incidental to the increase m oxidative metabolism 
The flushed skm and warm hands often testify eloquently to the 
copious blood flow through the skin The difference between rectal 
and skm temperature may be subnormal, indicating a relatively 
greater increase in cutaneous blood flow Boas" has called atten- 
tion to another factor which tends to increase the cardiac output, 
namely, the great vasodilatation in the thyroid gland which is so 
evident at operation He points out that the vascular dilatation 
m the thyroid gland may be so pronounced as to approach the 
effect on circulatory dynamics of an artenovenous aneurysm and 
produce an increase m cardiac output as does the latter (page 580) 
In hyperthy roidism the increment m cardiac output during exer- 
cise IS abnormally great and there is a delay m the return to the 
resting volume of circulation after the cessation of effort (Bansi 
and Groscurth*) These abnormalities are probably largely a result 
of the fact that the “cost of work’ is greater m hyperthyroid 
patients, they increase their oi^gen consumption for a given 
task more than does a healthy person (Plummer and Boothby,®® 
Smith, «» Bnard'® ei al) Plummer and Boothby attributed this 
not only to useless movements m performing a task, but also to 
greater oxygen consumption for the same movements On the other 
hand, Bnard and her associates believe that there is no basic change 
m muscle metabolism in Graves’ disease but that the increased cost 
of work IS due to enhanced muscle tone and purposeless movements 
The enhancement m cardiac output is accomplished more through 
35 
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increase in rate than in stroke \olumc Ilottever, tlie measurements 
of cardiac output cited abo% e show that the stroke \ oluine ina> also 
be considerably increased (to 83 cc m one of Liljcstrand and 
Stenstroem’s** subjects) 

lormcrly, it was tliought that in manv patients with large goiter: 
compression of the traclica is an important factor in increasing the work of 
the right \cnlncle and tliua piroducing cardiao failure Tlie conception 
was tint the tracheal compression increased inlra alveolar tension and 
coasequently the resistance to blood flow through the lungs There seems 
to be little evidence that this meclianiam is actually significant Of course, 
large goiters especially substcmal, may produce dyspnea, cough, and even 
sudden dcatli by pressure on the tradiea And pressure on the vems may 
produce venous engorgement m the Icmtory of the superior vena cava 
But the«e mamfcstations—whicli arc rare m this country because of surgical 
iiiterv cntion— do not indicate heart failure 

Morphology of the Heart in Hyperthyroidism — In view of the 
increase m the work of the heart m liMicrthjroidism, one would 
anticipate cardiac hjpertrophy That this occurs has been demon- 
strated c.\pcrimcntallv Sitnonds and Ur'indcs*’ fed dogs 10 grams 
of thvroid extract <laily for as long as one hundred dajs Except 
where emaciation was extreme there resulted a marked increase m 
the ratio of the heart weight to the body weight witli hypertrophy 
of all the chambers of the heart, tlie left ventnclt bung most affected 
Siniihrlj, Smith and MacKaj**® found evidence that the heart 
weight increases witli the metabolic rate when thryoid is adminis- 
ters to rats Further evidence that increase in metabolic rate 
entails cardiac hypertrophy is contained in the observations of 
Boas and Landauer** on Frizzle fowl (page 5b6) They found tint 
this variety of chicken, wliicli has a high metabolism appsrently 
because of scanty plumage, exJiibits a significantly greater ratio 
of ventricular to bodv weight than does the normal fowl Tliat 
elevation in basal metaboUsm products cardiac hypertrophy is 
indicated by the observation of Minot and Means’* tint m chronic 
leukemia in which the metabolic rate is often elevated, the heart 
weight averages about 75 grams above the normal, of course, 
the possibility that anemia may play a part m producing the 
bypertropbv must be taken into consideratmn 

Poatnwrian bindings — Recent studies of the heart m hyper- 
thyroidism m which essential hypertension and other causes of 
cardiac enlargement are carefully eliminated, reveal hypertrophy 
m a considerable proportion of the cases That hypertrophy is 
not more often revealed by the absolute weight or measurements of 
the heart is probably due to the fact that many who succumb to 
Graves disease are severely emaciated, and tlie heart shares m the 
emaciation Weller‘*‘ and his associates observed that the heart m 
exophthalmic goiter av erages 00 grams more than m a control senes, 
a difference that they- con^a xfithin the limits of error, however. 
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thej apparently did not take the body weight into consideration 
Parkinson and Cookson“ found cardiac hjpertrophy m 22 of 
43 instances of Graves’ disease In 89 necropsies on individuals 
succumbing to hjperthjroidism, Kepler and Barnes®* found that 
m 49 per cent the weight of the heart exceeded Smith’s maximal 
standard value for the usual weight of the patient prior to the onset 
of the illness If the actual weight at the time of death was used 
for comparison, Kepler and Barnes found that the weight of the 
heart practicallj alwajs surpassed Smith’s maximal normal But 
m some of their severelj emaciated patients {e g , one who bad 
lost 48 per cent of her bodj weight) the weight of the heart was 
under the minimal normal Such small hearts ma> occur despite 
long duration of the livTierthyroidism, as in a case of Barker, Bohn- 
ing and Wilson® of four j ears’ duration and heart failure in the last 
two months Most often the hypertrophy is moderate, but excep- 
tionally a heart weight exceeding 500 grams is encountered for 
which no cause other than hype^iyroidism is evident Usually, 
the hypertrophy affects the whole heart, although either ventricle, 
more often the left, may be predominantly enlarged In a general 
way, and w'lth many exceptions, hypertrophy tends to be more 
pronounced the longer the duration of severe hyperthyroidism and 
the older the patient Of course, in interpreting cardiac hyper- 
trophy in older patients one must bear in mind the frequency 
of essential hypertension as a complication of by perthyToidism 
Apparently, very severe hyperthyroidism favors hypertrophy, for 
the latter was present m 7 of Kepler and Barnes' 9 patients with 
basal metabolic rate exceeding +100 per cent Hypertrophy is 
more likely to be found m those who suffered from heart failure 
than m those who did not Moderate dilatation is common, especi- 
ally when auricular fibrillation and heart failure existed 

While the observations cited leave no doubt that hyperthy roidism 
produces cardiac by pertropby, the latter is not as massiv e as might 
be anticipated from the great increase m the work of the heart 
With doubling m the w ork of the heart as a result of tw ofold increase 
in minute volume, the hypertrophy is far less than is seen in, for 
example, essential hypertension with less than doubling in the work 
of the heart as a result of augmented resistance m the aorta The 
lesser hypertrophy m hyperthyroidism is probably due to the fact 
that, as a result of tachycardia, the increased work is accomplished 
more by augmentation m the rate of the heart than m the work per 
stroke (page 562) 

Regarding the histological changes m the myocardium, it seems 
safe to say that specific lesions have not been established In 
many of the cases, including some of long duration and w ith auricu- 
lar fibrillation and heart failure, there is present no more than the 
cloudy swelling and fatty change to be found in most protracted 
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illnesses Fahr,** Goodpasture,** and others have described exten- 
sive Ijmphocytic and histiocytic infiltration, areas of necrosis of 
the heart muscle and widespread interstitial fibrosis Such lesions, 
Iiowevcr, are present m only exceptional cases The observations 
of Rake and JIcEacliern** and Weller**' and lus associates showed 
little more raorjihologicil evidence of mjocardial damage in Graves’ 
ilisease tlian in control senes The results of experimental investi 
gallons have been contradictory Following the administration of 
thjTOid substance or tlij roxin to rabbits, Goodpasture and Menne’** 
and lus co-workers and otliers observed fatty changes, necrosis, 
cellular infiltration ind fibrosis of the myocardium On the other 
hand, Rake and McLachern were unable to produce lesions in 
rabbits which differed from those present in controls, and m guinea- 
pigs observed notable changes almost exclusively in those animals 
which developed spontaneous pneumonia These observations and 
tliose of Goodpasture suggest that in the very exceptional cases in 
which severe rajocardial lesions occur in Graves disease they may 
result from metabolic changes m the muscle fibers due to overwork, 
which predispose to damage by toxic agents A significant factor 
in tins regard, as pointed out by Rake and McFochern, may be 
the great depletion of the glycogen content of the heart muscle 
which Andrus* and others have demonstrated in experimental 
hyperthyroidism 

Cuculatory Maxutestations in Hypertbyroidism Without Heart Failure 
—The circulatory picture of hyperthyroidism is dominated by 
ov enction of the heart and rapid peripheral blood flow 

Suijcclue Sympiovis —Palpilation is the most common complaint 
referable to the heart It vanes from mere consciousness of the 
activity of the heart to a most distressing pounding Palpitation 
usuallv accompanies marked tachycardia but may also occur witli 
a heart rate of less tlian 90 per minute It may be continuous or 
evoked onlv by excitement exertion or paroxysms of auricular 
fibrillation Roeslcr" has found fluoroscopically that the systohe 
contraction of the ventricles is effected with great rapidity in 
Graves disease, a factor which is perhaps concerned in the genesis 
of the palpitation Throbbing m the vessels of the neck or in the 
head may be an annoying complaint 

Precordial pain is not uncommon m hyperthyroidism at all ages 
having been present m about IG per cent of Lerman and hleans “ 
patients Usually it is mild and is desenbed as an ache or soreness 
m the precordial or retrosternal r^on Occasionally, however, 
severe and typical angina pectons appears in patients with hyper- 
thyroidism (I^v and Hamburger**) Inasmuch as the patients are 
almost always elderly, it is possible that they have coronary arterio- 
sderosis, this has seemed probable in the cases that I have seen 
But smee Lev and Hambuiger have shown that the angina may be 
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removed by subtotal tbyroidectomy, it \sould appear that the 
hyperthjToidism, presumably through mcreasmg the work and 
shortening the rest penod of Oie heart, is the factor that precipitates 
the pam 

Exertional dyspnea is a common symptom in hyperthyroidism, 
even in the absence of heart failure Means’* attnbutes the short- 
ness of breath to the diminution m the respiratory factor of safety 
^shich results from the comcidence of mcrease m ventilation due to 
greater oxj gen consumption and decrease in vital capacity Inter- 
estingly enough, Burnett and Durbm” found that m the rarefied 
atmosphere of Den\er djspnea is the most common symptom of 
hyperthj roidism 

Tachycardia — Objecti\ ely, the most common finding is tachy- 
cardia Sturgis and Tompkins*®* observed a general parallelism 
betv\ een the metabolic and pulse rates Much closer than the correla- 
tion between the metabolic and pulse rates is that between the for- 
mer and the sum of the pulse rate and pressure (See Jenkins** for 
statistical analysis •) This is as would be anticipated, for the 
fundamental parallelism is between the minute volume of the heart 
and the metabolic rate, and the former is a function not only of 
the rate of the heart but also of the stroke volume, the latter of 
which IS V ery roughly proportional to the pulse pressure In activ e 
Graves’ disease the basal pulse rate is usually between SO and 
120 per mmute but may be considerably faster During an acute 
exacerbation of hypeithy roidism (thymid crisis), usually occurrmg 
postoperativ ely or as the result of an infection, the pulse rate may 
rise to 200 per mmute, being perhaps the fastest of sinus tachy- 
cardias On the other hand, there are also unusual instances of 
active hyperthyroidism (basal metabolic rate, +40 per cent or 
more) m which the basal heart rate is less than 80 per minute, they 
have been referred to as “vagotonic’ Graves disease, but the 
explanation of the relativ elv slow pulse rate is obscure The pulse 
rate m hyperthyroidism is labile, mounting under slight excitement 
or exertion, and the difference betw een the rate during the activ ities 
of the day and the basal rate is more than normal Boas*® has 
found that, contrary to psv choneurotic tachy cardia, the heart rate 
in hyperthyroidism is slowed but little during sleep TOiile his 
normal controls had an average minimum sleeping pulse rate of 

* Thi3 has been applied by Read'* in bis formula for the predir'tion of the basal 
metabolism 

Basal rate = 0 75 (pulse rate + 0 74 pulse pressure) — 72 
Read found that with this formula the metabolie rate can be predicted within 10 per 
cent in orer one-half the cases According; to Hunt Read s formula seldom gives 
too high an estimate of the metaboho rate but often yields somewhat low results 
hfore recently Read and Barnetti have modified the prediction formula to increase 
Its accuracy In applying the formula it la important that one use the pulse rate 
and pressure vhen the subject is ui the basal state and not random figures during 
the day 
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58 per minute in Gra\os disease this a\erage<l 89 per minute 
The rhjthin of the hcirt is {.eneralh regular but tliere nja\ be 
p iroxj sm U or continuous auricular fibrillation or rarcl> flutter 

It Ills been gcnerilK ucepted that the tach%cartlii of hiper 
tlnroidism is primarili rcgiilaton iii nature and part of the mccli 
anism b\ wliicli cardiac output is tici at«l to the itiel nctessit ited 
b\ the cnlnnted metabolic rate* Ihis is in good accord iiitJi 
iltliougli not ])ro\c“d hi the Kct that the puNc slows when tlie 
metabolic rite is dccrcascxl bi uxliiic or th) roidcctumi Hit con 
ccption tb it the t ichscardia is a result of the cnhantcil metabolism 
was supported bi the hnding of Minut uid Meins’* tlut approxi 
match tlie same pul&t rates accompani equil elciations of oxigtn 
consumption in hipirthiroidisni md chronic leukemia On tlie 
other hind 1 nedgood*® found tint there is sometimas a much 
slower pulse rite in chrome liinphatic Icukeinu than is usual for 
the same mctiholic rate in liiperthiroidMn Ihe latter obscria 
tion mdievtcs tlut m wldition to the eleiation of the metabolic 
rate other factors discussed m the next paragraph pnrticqiitc in 
accclervting the hvpcrthiroid heart 

IIoiv the increascxl metabolic rate iccelcratcs the luirt is not 
entire!} cicir It nuv be icccptcd tint tlie greater metabolic 
actn it} in the tissues augments the leiious return and eonsequentli 
the cardia output Iluweicr in the heart lung prepirition 
increased \ enoiis return augments c irdiac output not through oc-ccl 
crating the rate but through enhancing stroke volume (page S')!) 
ihts IS contrari to the usual state of ntf iirs m hipcrthiroi lism m 
which the increased venous return is mastercxl mure through tachv 
cirdia thin throii>,h increasing, the output ])er beat It has there 
fore been thought that nervous iniluiiices ire of greit importance 
m the tachv canii i a conception w Inch is in good acconl w ith other 
evidences of svinpathetic hvpcrtonus m Graves disease Ilovrever 
recent investigations have brought out mother md perhaps pre- 
dominant factor in the patliugeiiesis of the tach}Cinhi namelv 
the effect of thvroxin on the metabolism of tbe heart itself Lewis 
and McLacherii Yater‘*aiMl I’nestlev Markowitz and Mann*’ 
have found that if a rabbit is rendered hvperthvroid b\ thvroid 
feeding and the heart then removal the isolated orgin continues 
to beat at a rate much faster sometimes bv more than 50 per cent 
than tile heart of a normal control \ater found th it the acceler 
ated rate persists after crushing the bundle of Ills and Marl owitz 
and Yater * showed that thvroxin accelerates tlie rate of pulsation 

* Instruct ve observat ons on tbe correlnt on of the mclahol o and pulse rates 
hase been n\a<de by Boas and LajwJaucr •* They stud ed Ihe Ft isle a ariety 
of cb cken w th a b eh metabol c rate appamilly due to ereater beat loss result ng 
from scanty plumage Boas and Landaus lound that the Fr zzle roosters had an 
average m n mum pulse rate o{ ^7 per ni n te os ront asteJ th 1 per m nute 
n no mnl roosters 
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of fragments of heart muscle removed from chick embrvos before 
the development of nerve elements m the heart These experi- 
ments show that thv roxin accelerates the heart beat b> direct action 
on the muscle fibers It is probablj largelv this factor vshich 
accounts for the fact that the heart is accelerated so much more 
when its work is increased m Graves’ disease than bj an equal 
increment in cardiac w ork due, for example, to h> pertension 

Sigtis of Oieraction of the Heart —In addition to the tachj cardia, 
other manifestations of overactivitj of the heart are often evident 
There may be prominent and diffuse precordial pulsation, but its 
force as elicited b\ palpation does not parallel its prominence 
The carotids and indeed the head niaj beat funouslv Because 
of the widespread pulsation there inaj be the impression of a larger 
heart than is subsequentiv revealed bv fluoroscopy The apex 
impulse raav be preceded bv a short v ibration and the closure of the 
pulmonic \ ah e palpable The heart sounds are generalJv loud and 
abrupt in one of Graves original cases they could be heard 4 feet 
away Sometimes the auscultatorv findings at the apex sunuhte 
a short presvstolic murmur and the abrupt first heard sound as 
heard m mitral stenosis the siinilantv mav be heightened by 
accentuation of the pulmonic second sound and the radiographic 
findings to be described A svstolic murmur is verv common 
Often It 13 loudest over the pulmonic area, it may then originate 
from dilatation of the pulmonic artery (see below) The murmur 
over the pulmonic arterv mav have a scratching quality and simu- 
late a pericardial rub, this is especially apt to be the case when 
the ov eraction of the heart is pronounc^ and also occurs m v arious 
sthenic fevers V cardiorespiratorv murmur may be audible near 
tlie left border of the heart Diastolic murmurs Jiav e been described 
m Graves disease but I have not heard them m uncomplicated 
cases 

The Size and Contour of the Heart — Cardiac enlargement may 
result from hv perthv roidism Only exceptionally are the cardiac 
dimensions sufficiently enhanced to be unequivocally demonstrable 
by physical evammatinn, e^ccialJy m the light of the above- 
mentioned fact that the overaction of the heart mav simulate 
outward displacement of the apex lladiographic methods are 
alone reliable for the study of the size and contour of the goiter 
heart Even with radiography, widely divergent incidences of 
cardiac enlargement hav e been reported in by perthy roidisra prob- 
ably largely as a result of differences in the ty pe of material On 
the one hand, Hurxthal** considers significant cardiac enlargement 
rare m by perthv roidism unless due to a complication, a similar 
V lew w as expressed by Cabot ** But roost recent inv estigators hav e 
found a considerable incidence of cardiac enlargement m uncompli- 
cated hyperthyroidism Thus, Parkinson and Cookson®* observed 
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enlargement of the heart in 45 per cent of their cases, Margohes, 
Rose and Wood” in 2G per tent and Ltrman and JMeans” m 29 per 
cent of male and 42 per cent oi teinalt p iticnts Under tln^t^ j ears 
of age unequivocal cardiac enlargement is rare m uncomplicated 
hsperthyroidism of even maximal seventy Of course, this docs 
not mean that hvpertrophj is not present, for the htter ma\ he 
considerable without increasing tlie dimensions of the heart to 
above the upper limits of normal In older patients with hyper- 
thyroidism, demonstrable enlargement of the heart bc-comes more 
frequent with adv incing jeirs and is very common after the age 
of fifty ev cn in tlie ibsencc of <li istolic hy pcrtcnsion or otlier com- 
plication The heart is enlaced in almost ill individuals with 
continuous luricular fibrillation or canine failure TJie enlarge- 
ment is rirely more than moderate The connection with hyper- 
thyroidisin is often demonstrate*! by decrease m size following 
tliy roidectomy In some cases Varhinson and Coohson observ ed 
increase m the dimensions of the heart following operation which 
tliev attribute to upward displacement of the diaphragm as a result 
of gain m weight Hurxthal and Margohes, Rose and Wood suggest 
that such enlargement may be a iminifcstation of postoperative 
liyTiothyroidism 

Tile enlargement mav be tow an! both tlie left and tlie right so 
that the heart tends toward a globuhr sliapc In other cases as 
pointed out by Kerr and Ilcnscl ** the cni irgement is toward the 
left and may be accompanied by ])rommencc of the pulmonarv arc 
Tlie htter straightens out tlie left border or produces a bulging 
convexity In some cases tlie prominence of the pulmonary arc 
is the only abnormahtv of tlie cardiac contour which may thus 
simulate the appearance of mitril stenosis on dorso ventral ilium 
inalioti However cxammation m the first oblique diameter shows 
that m hyperthyroidism tJicre is no considerable enlargement of 
the left auricle The prominence of the pulmonarv arc is due to 
dilatation of the pulmonary arterv, presumably m consequence of 
the large volume of blood flow Parkinson and Cookson were able 
to demonstrate this dilatation of the pulmonary artery at necropsy 
Ihe pulsation of the borders may be prominent, as pointed out by 
Roesler,** the systolic indrawing of the borders occurs with abnor- 
mal rapidity Tlie pulsation of the pulmonary artery is apt to be 
especially pronounced 

Electrocardiographic Findings —Apart from the accelerated rate 
the overactivity of the heart in Graves’ disease finds little reper- 
cussion m the electrocardiogram Hoffmann** and Krumbhaar** 
long ago described an increase m the amphtude and duration of 
the P wave, just as low Pwavesaretherulemmyxedema McGuire 
and Foulger’* were able to produce increase m the voltage of the 
T wave by the administration of thvroid to both humans and dogs 
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Ho\ve\er, unusual amplitude of the Twave is by no means constant 
in hyperthjroidism, and \Vhite and Aub*®'^ found only a limited 
parallelism betneen the height of the T wave and the basal metab- 
olism Likewise, Rose, Wood and ilargolies** found that the 
T waves in hyperthyroidism are not characteristically larger than 
normal and that they do not necessarily become reduced m size 
when the hyperthjToidism, is relieved The P wave may be of 
unusual amplitude and duration m Graves’ disease, the amplitude 
w as abov e 3 mm in 37 per cent of Parkinson and Cookson’s patients 
The electrical axis was normal in 77 of Parkinson and Cool>.son’s 
124 cases of Graves’ disease, rotated to the left m 33, and to the 
right in 13 Rose and his associates observed that after thyroid- 
ectomy the electrical axis shifts to the left m about one-half the 
cases The cause of this phenomenon was obscure, it was apparently 
not solely a result of gam in weight with upward displacement 
of the diaphragm 

In good accord with other evidences that h>'pertbyroidism gen- 
erally causes little mjurv to the heart for long periods, if at all is 
theusualpaucit> of theelectrocardiographiccbangesbespeakmgmyo- 
cardial damage It is true that Go^al and Rogers*® described 
prolongation of the P~R interval m 242 of 787 cases of Gra\es’ 
disease, but an equal incidence of impaired auricuIo-\entricular 
conduction has not been reported by other in\estigators and has 
been rare in my experience Dans and Smith*® observed 6 cases 
of complete heart block in hjperthjToidism, but m 4 it followed 
acute infections and in 2 it was due to the action of digitalis on a 
previously damaged bundle The po^ibihtj that the decreased 
gl> cogen content of the heart muscle may increase its vulnerability 
to toxic damage has been mentioned Ne\ertheless, while abnor- 
malities of the Q~R~S complex, S-T interval or T wave indicating 
mjocardial damage may occur in hjperthjToidism (see Rose, Wood 
and Margohes** for detaib), they are rare m the absence of com- 
plicating coronary arteriosclerosis 

Cwcukitory ifeosurements — The wrtenaf pressure la placed wpww 
by several influences The increased output of the heart tends to 
elevate both the sjstolic and, to a less extent, the diastolic pressure 
The same is true of the augmentation in circulating blood volume 
The shortenmg of diastole due to the tachycardia mterferes with 
the emptymg of the arteries and thus tends to elevate the diastolic 
pressure On the other hand, there is vasodilatation, evidenced by 
warm flushed skin and frequent capillary pulsation, which tends 
to depress the diastolic pressure The resultant of these factors, 
as shown by comparison with the findings after the patient is up 
and about following thyroidectomy, is usually moderate elevation 
of the systolic pressure and httle change or a depression of the 
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diastolic pressure, -ftitb resultant increase m pulse pressure * Such 
figures as 130/70 mm arc tummoii m young ^\omen of a constitu* 
tional type m nhich one onlinarilj encounters a systolic pressure 
of about 100 mm Lerinan and Means” found tliat the pulse pres- 
sure tends to be higher and the pulse rate slower in the male, 
the two mechanisms tlms being correlated to bring about similar 
changes in cardiac output in both Mixes During thyroid crises 
the pulse pressure may he very great, such readings by tlie auscul- 
tatory method as 200/0 lara arc occasionally encountered In 
older patients the blood pressure may be alfected by complication 
with severe arteriosclerosis of the laigc vessels, which tends to 
raise the sy stolic and lower the diastolic pressure In other middle- 
aged or old swiferers from Graves' disease there is, as described by 
Boas and Shapiro, “ diastolic livpcrteiision, which is presumably 
a niamfestatioii of complication by essential hypertension 

TIic tenous inesaure is within normal limits as long as heart 
failure is absent 

t\s would ho anticipated from the great increase in cardiac output, 
tlie velocity of blood flow is greatly enhanced in active lijperthyroid- 
tsm Using the radium C mctliod, Blumgart, Gargill and Gilligaii^ 
found that tlic speed of blood How through tlic lungs averages 83 per 
cent and that from the arm to the heart 34 per lent above tlie 
normal In a general way they found that the velocity of blood 
flow tlirough tlic lungs parallels the basal metabolic rate and returns 
toward normal as tlic latter is lowered bv iodine or thyroidectomy 
With the decholin ineUiod, Tarr, OppenJieimtr and Sager^” found 
that the anu-to tongue circulation time m Graves’ disease averages 
nine seconds, in contrast to their noruial of thirteen seconds Similar 
figures are obtained witli sacchanii, witli which, m very severe 
hyperthyroidism, the arm-to-tongue circulatioa time may be only 
six seconds 

Iho ciTcidutini? blood lolmiic is increased m Graves’ disease 
Using the carbon monoxide metliwl, Chang* fomid that the circulat- 
ing blood volume is above itunnal, in one case as much as 30 4 per 
cent, and falls after the administration of iodine or thy roidcctomy 
These findings fiav e been confirmed with dy e methods 6y Gofdhfoora 
and Libin** and Gibson and Harns " The latter investigators state 
that there is a linear rcl itionship between increase m blood volume 
and metabolic rate in hyperthyroidism Chang found the oxygen 
capacity of the blood witliiii normal limits, which accords with the 
evidence of tlie normal or diminished arteriovenous difference 

• Under Btnclly basal eonditiinw SVlUertoa and Harrop*' find little change m the 
arterial pressure in hyperlhyroidisai The atatemenu made in the text regarding 
the blood picssure apply under usual conditions of clinical woik In se\ere hyper- 
thyraidiani there is often an elevatioa of pulse presaure even under strictly basal 
conditions 
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(page 561) that the greater oxygen delivery to the tissues is accom- 
plished entirely by augmentation of blood flow 

The vital capacity is usually depressed m active Graves’ disease 
(Rabmowitch*®), but there is no dose inverse relationship between 
the metabolic rate and the vital capacity (Lemon and j\Ioersch,®“ 
Blumgart® ei al) The diminution in vital capacitj is not due to 
pulmonary engorgement, for the lung fields may be unusually clear 
m the roentgenogram The muscular asthenia which is so cardinal 
a manifestation of Graves’ disease may be responsible for the 
diminution m v ital capacity, which is not extreme or constant 

The cardiac output has already been discussed 

Parenthetically , it may be remarked that certain of the circulatory 
measurements— tachvcardia, increased cardiac output, accelerated 
velocity of blood flow, and greater circulating blood volume— 
bespeak the similarity of the circulation in a resting individual with 
Graves’ disease to that of a healthi person during exercise The 
circulation in Graves’ disease is confronted by the same task as 
would be that of a healthv individual if he were to walk briskly 
through all twenty -four hours day after day, even during sleep, 
the circulation of the hvperthvroid person slows down relatively 
little 

Occurrence and Mechanism of Heart Failure m Hyperthyroidism — 
In the foregoing we have seen the enormous burden that active 
hyperthyroidism throws on the heart, which pumps blood as though 
the individual were walking rapidly all day long Nevertheless, 
the heart may perform this increa^ work for many years and 
show no evidence of cardiac failure throughout the course of the 
disease In the maximal hyperthyroidism of the thyroid crisis, 
the heart, even though beating at an uncountable rate generally 
holds out and neither pulmonic nor systemic venous congestion 
appear to the end Formerly, the frequency of heart failure in 
hyperthyroidism was overestimated This was largely due to the 
evaluation of dyspnea, palpitation, and cardiac pam as symptoms 
of heart failure But we have seen that these three symptoms 
often result from hy-perthyroidism per se, without the participation 
of heart failure m their pathogenesis Prior to the rise of thy roid 
surgery , large goiters compressmg the trachea and great veins were 
common and some of the resulting symptoms mistakenly attributed 
to cardiac insufficiency Doubtless, also, the actual incidence of 
heart failure in hyperthyroidism is now much less than formerly 
because thyroidectomy is performed in most cases before they go 
on to cardiac insufficiency 

Heart failure due to Graves’ disease alone is almost unknown 
before the age of twenty and rare before forty years Above the 
latter age the incidence steadilv rises Andrus* found that on 
entering the hospital heart failure was present in 23 of 15S cases 
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of exoplitlialmic goiter and 14 of 42 patients witli adenomatous 
goiter ^\itli hj^icrthyroidism The raritj of heart failure due to 
hjpertlijroidism alone before forty jears is shown b\ the fact that 
of the 128 of Andrus’ cases under ^atage heart failure was present 
in only 9 and of these 0 also had rheumatic and 1 s>phihtic heart 
disease tern onlj 2 of 128 cases of Grav es disease under fortj 
j ears did the heart fail as a result of hjperthyroidism perse Ktpler 
and Barnes” found severe heart failure with cardiac edema m 27 
of 178 fatil cases of hyperthyroidism but in 18 of these 27 there 
w is also hj pertcusion or intrinsic disease of the heart Tw enty fi\ e 
of Ivepler and Barnes patients were under the age of thirty file 
years onK one of these de\ doped heart failurt as a result of the 
hy ptrtliy roidism alone and another because of hypertcnsiie neph- 
ritis ind hvpertliyroidism 

Two mtclianisms of heart failure in Graves disease are to be 
differentiated 

1 Cases m which the heart failure is evoked by both hyper 
tlivroidism and another factor notablv hypertension coronary 
vrtcnosclcrosw or rheumatic or svpluUuc heart disease The great 
importance of tiie tliyroid factor m these patients is often shown 
by the prom]jt iinprovcinent of tlie licirt that usuallv follows sub- 
total thy roidectonn or even pre-oi>trativ c prcpantion widi lodmt 
despite the f ict tliat the hypertension or other compile ition persists 

2 Cases in which cardiac failure tsduc to hvpertlivroidism alone 
Here tlic heart geiicrallv returns to normal following successful 
thy roidectumv or if the patient succumbs postmortem examination 
reveals no cause for heart failure other than hvpertliyroidism Of 
the factors determining the incidence of heart failure in uncom 
plicated hvperthvroidism advancing veara seems to be b\ far the 
most important ns shown by the statistics cited above tbe heart 
rarelv gives w ly as a result of hvpertlivroidism alone before tbe 
age of forty vears In individuals of less tlim thirty vears one 
rarely secs heart failure as a result of uncomplicated Graves disease 
ev en if the latter lasts sev eral vears But in older persons the longer 
Graves disease lasts the greater seems to be the liability to cardiac 
failure This point is not easv to support with convincing statistics 
because nowadays few persons are permitted to go on with active 
hypertliyroidism for long periods without surgical intervention 
However Andrus found that m exophthalmic goiter the average 
duration of symptoms of hvperthyroidism was 12 0 roontlis in those 
vvitliout heart failure and over twentv one months m those with 
failure m his cases of adenomatous goiter the corresponding figures 
were sixteen months m those without failure and twentv eight 
months in those with failure In most of the cases of heirt failure 
m hyperthyroidism that I have seen there has been good evidence 
of the existence of active hyperthyroidism for several years The 
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relatjonsfajp of the seventy of bypertbjrojdism to the precipitation 
of heart failure is questionable In joung subjects even the maxi- 
mal hyperthj roidism of the tbjroid crisis does not usually lead to 
heart failure On the other hand, in the elderl>, moderate hyper- 
thyroidism, such as documented by a metabolic rate of about 
plus 25 per cent, may result in heart failure, the proof of the con- 
nection being the improvement following thyroidectomy 

Much remains to be learned about how hyperthy roidism produces 
heart failure The anatomical findings cit^ abo\ e show that e\ en 
with severe cardiac failure the hyperthvroid heart generally reveals 
no lesions sufficient to explain the cardiac failure, in fact, the histo- 
logical findings may differ in no w ay from those present m indiv iduals 
without circulatory insufficiency The most plausible explanation 
of the heart failure in Graves disease would seem to be that it is a 
form of fatigue of the heart muscle brought on h\ long-continued 
overwork and diminution in the rest period due to the tachvcardia 
In excellent accord with this conception is the finding of De Fauw,“ 
Andrus* and others that the glv cogen content of heart muscle is 
decreased or exhausted in experimental hvperthy roidism • That 
such fatigue of the heart muscle should occur far more readily in 
the elderlv than in the voung is readiK comprehensible Further- 
more, the inevitable coronan artenoscJerosis of advancing years, 
even though it does not sensibly narrow the coronarv lumens, mav 
interfere with the deliver, totherovocardium of the increased blood 
supplv that 13 doubtless necessary in Graves’ disease 

In the large majoritv of instances hvperthv roidism produces 
heart failure through the mtermediacv of auricular fibrillation In 
the absence of hypertension or other complication the thyroid 
heart rareh fails as long as the rhy thra is regular The frequency 
with which hyperthv roidism produces auricular fibrillation is note- 
worthy Anderson' found that between 6 and 8 per cent of cases of 
Graves' disease have auricular fibrillation Before the age of 
thirty years, auricular fibrillation is rare in Graves disease and 
almost always paroxvsmal After that age the incidence mounts 
Hith each decade so that 50 percent of Magee and Smith s*' cases 
in the eighth decade had complete arrby thmia Fibrillation of the 
auricles due to hyperthv roidism is more often paroxysmal than 
when the arrhv thmia arises from other causes, 23 per cent of 
Barker, Bohning and WilsonV cases were transient or paroxysmal 
Not rarelv, auricular fibrillation, usually transient, first appears 

* The po^ erty of the heart muscle in glycogen may well increase its susceptibility 
to infectious toxic injury and la perhaps the basis of the 6 cases of complete heart 
block following acute infections id patieotawith Graves disease reported by Davu 
and Smith ** In an instance of complete heart block in hyperthyroidism observed 
by Steuer ‘‘‘ the defect of conduction disappeared durmg iodine treatment Since 

there waa no evndencc of infection it was apparently a direct result of the hyper 
th/roidism 
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after thjroidectomj How hjpcrtli>roidism produces auricular 
fibrillation is obscure, and probably will remain so until more is 
known of the pathogenesis of fibrillation of the auricles in general 
However, that tlie underlying changes are reversible is shown by 
tilt frequently paroxysmal nature of the arrhythmia and the usual 
return to regular rhytlim following thyroidectomy 

^\hlIe as just mentioned, auricular fibrillation is concerned in 
the causation of almost all instances of failure of the thyroid heart, 
significant cardiac failure does not always result from complete 
arrhythmia in Graves’ disease Some of the patients have no 
canine symptoms or only such complaints as palpitation or con- 
sciousness of irregular heat Barker Bohiiiiig and Wilson found 
high grade heart failure in only 17 per cent and a slight grade of 
failure in 4G per cent of their patients with auricular fibrillation of 
thvrogcmc origin one-half of those with auricular fibrillation who 
died had cirdiac failure 

I ar more rarely than luricular fibnil ition hvpcrthyroidism pro- 
duces auricular flutter 

Little need be said concerning the svmptomatology of heart 
failure in hyperthyroidism Dvspnca cvanosis swelling of the 
svstcmic veins and liver edema and the other manifestations of 
failure of the left ind right sides of the heart occur The heart 
becomes enlarged Gallop rhythm is rare To some extent tlie 
symptom itologv of the bcirt failure is modified by the fact tlut it 
occurs on the terrain of an accelerated circulation In consequence 
the hinds are often not is cold as niiglit be anticipated from the 
other evidences of circulatorv failure While tlie cardiac output 
is doubtless usuallv decreased below its previous level Lwig and 
Ilinsbcrg ^ and Grassmann and Herri^^® have found that in hyper 
thvroidism classical symptoms of heart failure mav be present 
despite a cardiac output tliat is above tlie nonoal (page 45) 
Similarlv Tarr Oppenlieimer aniJ Sager‘“ showed that the velocity 
of blocnl flow IS not slowed as much in heart failure due to hyper 
th\ rowlisni as m other varieties of cardiac insufficiency In some 
casts as pointed out hy Lev me and Sturgis‘S and others the cardiac 
sv mptoms m i\ so dominate the clinical picture of Graves disease 
that the existence of the latter is not certain until the basil metab 
ohsm IS determineil ( ra isked hvperthy roidism ) Indeed Barker 
Bohning and ^\lIson haverejiort^ cases in which they believe that 
auricular fibrillation and flutter resultet! from Graves disease with 
out elevation of the basal metabolic rate and in which the rhythm, 
returned to normal following thyroidectomv In all instances of 
auricular fibrillation of obscure origin the possibilitv of Graves 
disease should be borne m mind 

Anemia —In severe anemia all the chambers of the heart are 
subject to enhancetl strain which may lead to dilatation and hvper 
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trophy but only rarely to pronounced manifestations of cardiac 
failure or angina pectoris 

Accommodation of the Circulatton m Anemia —In many instances 
of severe anemia oxygen consumption is close to the usual (see 
Du Bois^* for details), although in others it is definitely elevated 
(Richards and Strauss®^) It is therefore e\ident that the circula- 
tion carries out its primordial function of oxj gen transport despite 
the handicap of the diminished oj^gen carrying capacity of the 
blood This IS accomplished through two mechanisms 

1 Utilization of a higher percentage of the arterial oxvgen during 
each circuit of the blood At rest in health only about 5 of the 
18 \olumes per cent of oxjgen contained in the arterial blood are 
delivered to the tissues The 13 volumes per cent remaining m 
the Venous blood constitute a reserve of oxjgen which can be 
impinged upon bv the utilization of a higher proportion of the 
arterial oxjgen This reserve of oxygen is called upon by the 
healthy person during muscular exercise when about twice as high 
a proportion of the arterial oxvgen ma> be utilized, and is also used 
to atone for tlie diminished oxvgen content of the arterial blood in 
anemia Howeier, the extent to which this mechanism functions 
IS limited by the fact that as the mean ox>gen content of the blood 
in the capillaries diminishes as a result of high percentage utiliza- 
tion, the OXJ gen pressure falls so sharply tliat the delivery of the 
gas to the tissues is greatlj retarded Aloreov er, since w ith normal 
cardiac output and oxygen consumption the tissues require 5 vol- 
umes per cent of oxvgen, which corresponds to the entire oxj gen 
capacitj of blood with hemoglobin content of about 30 per cent, 
when anemia passes this severitj even complete utilization of the 
OXJ gen of the arterial blood would not satisfy the oxygen require- 
ments of the hodj Regarding the cause of the augmented per- 
centage utilization of the arterial oxjgen in anemia, Liljestrand 
and Stenstroem®* attribute it to an increase in the surface available 
for gas exchange due to the capillary dilatation that Krogh has 
shown to follow oxjgen want Another factor of quantitative 
sigmficatice stiU to be determined is that of increase m the average 
hjdrogen-ion concentration of the capillarj blood, which favors 
the liberation of oxjgen from oxyhemoglobin Barr and Peters® 
showed that in anemia the venous blood is more acid in relation 
to the arterial blood than m health This difference is apparently 
due to diminution in the buffering power of the blood because of 
smaller hemoglobin content, as a result of which the carbon dioxide 
entering the blood from the tissues renders it more acid However, 
the data of Richards and Strauss indicate that this factor is quan- 
titatively not very important 

2 Increase in the minute volume of the heart As just indicated, 
this mechanism is of necessitj called upon when the hemoglobin 
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content of the blood falls bdow 30 per cent, but also functions with 
less severe degrees of anemia Plescli,** Liljestrand and Sten- 
strocm, Richards and Strauss, and Dautrebande^ have shown that 
m anemia the cardiac output nscs os tlie hemoglobin falls By 
bleeding dogs, Blalock and Harrison* have also demonstrated the 
inverse relationship between hemoglobin content and cardiac out- 
put In very severe anemia tlic cardiae output may be more 
than double Uie normal As a result of the greater cardiac output 
the arteriovenous oxj’gen difference falls, despite the above-men- 
tioned fact that the proportion of the arterial oxjgen utilized is 
greater than tlic normal 30 per cent 

IIow anemia calls fortli greater cardiac output remains to be 
investigated Dilatation of the small vessels due to oxygen want 
may be the initial link in the chain The lessened viscosity of the 
blootl perhaps facilitates the more rapid blood flow 

Nor IS much data available regarding the correlation of the two 
mechanisms of higher percentage utilization of the arterial oxygen 
and greater cardiac output in the compensation of anemia The 
observations of Dautrebandc indicate that increase m percentage 
utilisation IS the more important mcebamsm m relatively slight 
anemia, while as the hemoglobin falls furtJicr below 50 per cent 
the comparative signiflcance of locr^sc in cardiac output becomes 
progressively greater However, measurements by Liljestrand and 
Stenstroem and Ricliards and Strauss show considerable increase 
in cardiac output m even lesser degrees of anemia 

In accord with the greater cardiac output Blumgart, Gargill 
and Gilligan* found in pernicious anemia and lo secondary anemia 
not due to carcinoma an increase in the velocity of blood flow 
through the lungs inversely proportional to the hemoglobin content 
of the blood The v elocitj of flow is probably the more accelerated 
because of the duninutvon in circulating blood volume due to the 
small red cell volume (See equation on page 54 ) Blumgart and 
his associates did not And the velocity of blood flow accelerated in 
carcinomatous anemia, which thej correlated with frequent evi- 
dences of cardiac failure in such patients 1 hav c not been impressed 
6} the frequency of heart faifure m carcinomatous anemia It is 
also possible that the cachexia of caremomatous patients may be 
accompanied by lowering of metabolic rate, which would entail 
dimmution in cardiac output and consequently retardation m the 
velocity of blood flow 

Another, though as >et unproved, mechamsrn which may help 
to compensate for anemia is diversion of blood from inactive to 
active organs Such a conception is supported by the observation 
of Fahr and Ranzone’* that the capillaries of the skm are contracted 
in severe anemia 
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The Heart m Anemia — Se\ere anemia adversely affects the heart 
in tivo ways (1) The maintenance of a greato cardiac output 
augments the work of the heart, and (2) the oxygen delivery to 
the heart muscle is diminished to such extent as the greater \olume 
of blood flow and higher percentage utilization of the oxygen con- 
tained in the arterial blood /ad to compensate for the anemia 
Even relatively smhll oxygen want handicaps the heart, especially 
when It IS performing increased work, and is probably responsible 
for the accumulation of fat in the heart muscle that is often prom- 
ment in anemia 

In view of these two influences, it is not surprising that protracted 
anemia m other than cachectic individuals leads to hypertrophy 
and dilatation of the heart To be sure, marked cardiac enlarge- 
ment due to anemia is not nearly as common now as was formerly 
the case This is due to the liver treatment of pernicious anemia 
and the mysterious decrease in the incidence of chlorosis, the two 
diseases ^\h^ch m a previous generation often caused severe anemia 
of long duration without cachexia In 23 necropsies m permcious 
anemia Cabot‘« found the heart hypertrophied 22 times, the 
heaviest heart weighed 710 grams m the absence of cause for hyper- 
trophy other than anemia Similar findmgs ore recorded by otWs 
and pronounced dilatation is also present The hypertrophy and 
dilatation due to anemia involve all the chambers 

Enlargement of the heart resulting from anemia may be suffi- 
ciently pronounced to be detected by physical exammation Roent- 
gen examination then usually reveals enlargement of all the cham- 
bers As pointed out by Kraus‘S and Goldstem and Boas,*^ prom- 
inence of the pulmonary conus of the right ventricle may lead 
to ‘ mitralization ’ on dorso-ventral illumination The enlarge- 
ment of the heart may recede quickly when the anemia improves, 
this occurs with especial rapidity during the liver treatment of 
pernicious anemia, and formerly was often seen as a result of the 
administration of iron m dilorosis (Gautier**) Functional sy stolic 
murmurs are the rule Long standing and severe anemia is also 
the condition m which functional diastolic murmurs are most often 
heard Kraus detected such functional diastolic murmurs m 8 of 
47 patients with pernicious anemia and Goldstem and Boas in 6 
of 39 cases The diastolic murmur is usually heard best in the 
third and fourth mterspaces to the left of the sternum and presum- 
ably is due to aortic regurgitation produced by dilatation of the 
myocardium about the aortic ring (page 405) Goldstem and Boas 
heard a rumbling presystolic sound in 3 of their patients with per- 
nicious anemia This may have been an auricular sound resultmg 
from the powerful auricular systole necessitated by the large stroke 
volume, similar sounds are sometimes heard m hyperthyroidism 

Despite the evidence of cardiac strain in the form of hypertrophy 
36 
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and dilatation of tlie heart anemia pene rarely leads to pronounced 
heart failure with \enous engorgement of either the pulmonary or 
systemic circulation This is perhaps largely due to the weakness 
and other symptoms of tlie patients which usually keep them at 
rest Exceptionally pulmonary engorgement and swelling of the 
sjstcmic \ema and liver develop and their connection witli the 
anemia is proved bj the improvement on improv'eincut of the blood 
(liv er treatment m pernicious anemia cessation of uterine bleeding 
due to fibroids etc ) It should be renieinbercd that anemia itself 
can produce manifestations which simulate those of heart failure 
Ihus edema of the lower extremities and pufHncss of tlic face is 
cuminon in ineiniv and I have several tunes satisfied mjstlf that 
It w IS not due to heart failure by finding normal venous pressure 
1 actors which ma> be cinccrn^ in the pathogenesis of anemic 
cdcin i are increased permeability to protein of tlie cipillary waUs 
due to oxygen want and depression in the protein content of the 
plasma the latter of which ts not untommon m various forms of 
anemia rxcrtional dyspnea is a banal symptom of anemia which 
mat occur without pulmonary engorgement and in tlie presence of 
normal circulation time and venous pressure it is to be regarded 
as a direct manifest ition of the anemia The liver is often palpablv 
enlarged in jicrnicious and other forms of anemia without heart 
failure 

As pointed out bv Ilcrrick and Nuzum ** anemia may precipitate 
cardiac pain 1 lie latter may occur in cither pernicious or secondary 
anemia Anginal pam was mentioned in 43 of 1560 histones of 
cascsof pernicious anemia reviewed by Willius and Giffin Specific 
questioning elicits a much higher incidence of cardiac pam m severe 
anemia Ihus Pickering and ^\nync®* found that of 2o consccu 
tive patients with severe anemia 8 comp) lined of cardiac pam 
inducevl onlv by exercise and relieved by rest In 0 of these indi 
viduals they were able to tall fortli the pam by having the patient 
exercise The pathogenetic role of the anemia is demonstrated by 
the cessation of the jiain when the hemoglobin rises It is jirobablc 
that m most cases as in one studied at necropsy by Herrick tiiere 
vs aw wwsierlyvwg bas,vs of cotowms arteTvoecUTosvs awd the awemva 
IS merely the precipitating fitter However in a case studied at 
necropsy by Willius and Giffin though apparently not m detail 
coronary arteriosclerosis was absent Especially witli pre-existent 
coronary narrowing anemia may produce inadequacy of tl e blood 
supply to the heart and consequent anginal pam through at least 
four mechanisms (1) The maintenance of increased cardiac output 
increases the work of tlic heart and eonsequentlv tlie volume of 
blood flow needed (2) more blood flow is needed to supply the 
hy^iertrophied myocardium (3) the anemia directly favors oxv gen 
want in the myocardium, (4) Pickermg and Wayne found a ten 
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dency m se\ere anemia to decreased mean arterial pressure and 
increased pulse rate, the former of ^hich hampers coronary filling 
and the latter of which abbreviates the rest period of the heart 
Interestingly enough, Pickering and Wayne found that severely 
anemic patients not uncommonl} ha\e intermittent claudication 
in the extremities the patliogenesis of which is presumably similar 
to that of the angina pectoris 

Artenovenous Fistula —A variety of heart failure of interest far 
transcending its frequency is that resulting from arteriovenous 
fistula (aneurj sm) It is the outcome of strain on all the chambers 
of the heart produced bj increase in the venous return and conse- 
quently in the cardiac output Though rare in time of peace, 
recognition of the effects of arteriovenous fistula on the heart is 
important, for surgical closure is quicklv follow ed bj disappearance 
of the general circulatory manifestations Matas and Heninger^* 
have observ ed the same t\ pe of circulatory disturbance m a patient 
with congenital cavernous hemangioma cure followed surgical 
removal The alterations in the circulation due to artenovenous 
fistula acquire added interest from their close resemblance to those 
of aortic regurgitation The abnormalities common to the two con- 
ditions are those resulting from the rapid leakage of blood from the 
arterial sjstem and the increased output of the left ventricle The 
differences, apart from the local signs are due to the fact that m 
the one case die leakage is into a vein so that the work of the whole 
heart is augmented while m the other the leakage is directlv into 
the left ventricle so that until this chamber fails, onlv the left side 
of the heart is implicated 

The local manifestations of artenovenous fistula (pulsating tumor, 
machinery murmur louder in s>stoIe purring thrill, venous engorge- 
ment near the fistula diminished arterial pulsation and perhaps 
edema distal to the fistula) will not be discussed here The effects 
of the fistula on the general circulation— which are the more pro- 
nounced the larger the fistula and the artery involved and the 
closer to the heart it is located— are as follows 

Geneiai Cuculatoi; TAamlestations of Attenovenous Fistula —1 
Corrigan pulse and increased pulse pressure The pulse resembles 
that of aortic regurgitation (page 4G9) in its rapid, jerking rise and 
collapsing fall These palpatorj findings correspond to an increased 
pulse pressure The latter is due almost entirelj to depression of 
the diastolic pressure, the sjstolic pressure usually is little changed 
Figures of the order of 125/40 mm are most common but the 
diastolic pressure by the auscultatorj method may approach zero 
Tlie fall in diastolic pressure is due almost entirely, if not completely, 
to leakage of blood through the fistula, and the diastolic pressure 
generallj returns to normal when fistula is closed Lewis’* and 
Ellis and Weiss^* have found evidence of widespread arteriolar 
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dilatation m arteriovenous ancunsm (capillary pulsation is often 
present) but this is probablj onlj asubsidnrv faetorin depressing 
diastolic pressure Lewis and Drury** noted that like m aortic 
regurgitition the pressure m the lower extremities is much higher 
than m the upper (page 471) 

2 One would anticip itc tliat the cardiac output m arteriovenous 
fistula IS increased bj the volume of blood that passes through the 
abnorm il eommunication Tor prior to the development of heart 
failure there is no indication of decrease in blood flow through any 
part of the bodv and the patients arc capable of hard work In 
order that hlowl flow through the re$t of the bodj be normal cardiac 
output must he mcreaseil bv the amount of the leak 'I his amount 
maj be verv consdenble Lewis and Drurv estimate that m a 
large eommunieation between onc-fifth ind one half the cardiac 
output maj pass through the fistula While Lewis and Drury did 
not 1 cheve tli it tlic cardiac output is augmented in arteriovenous 
fistula Ilvrnson Dock and Ilolman** demonstrated dircctlv that 
there 13 a verj pronounced imreasc The> produced an arterio- 
venous communication m a dog and found that the cardiac output 
rose approximatcli 100 per cent In a patient with arteriovenous 
fistula Smith** foun 1 that tlic cardiac output decreased 58 per 
cent following surgicd closure of the communication While the 
carbon dioxide method used by Smith docs not give accurate abso- 
lute figures the comparative results are prohablj significant 
Indeed the cardiac output before closure of the fistula was doubt 
less proportionalclj even higher for a reason to be mentioned m 
conjunction with the findings of Weiss and Fills These invcsti 
gators foun 1 onij a sm ill dccre ise in cardiac output in one patient 
following ligation of an arteriovenous aneurvsm However mas 
much as thev used the acetvlene method for measuring cardiac 
output it would seem that they did not measure the bloixl passing 
tJirough the fistula wl icb must have returned to the lungs before 
the end of the rebreathmg period (page 37) Fibs and Weias 
finding IS tlius good evidence tliat the cardiac output is increased 
m arteriov cnous ancurv sm 

3 Enlargment r>f the f cart due to bypeitrophy atid dfiatatmn 
In all 5 of Lewis and Drurv s cases the orthodiagram showed the 
dimensions of the heart at the upper limit of normal or bejond 
The enlargement may attain very considerable degree and involves 
all tlie chambers the h>peitrojdiv of the right ventricle is usually 
especiallj pronounced and results in a globular appearance of the 
heart Vv ith closure of the fistula the heart diminishes in size m 
the case of Hitzig and Master** the transverse diameter before 
operation was lo3 cm and five months after operation 13 cm 
Reid®* observed enlargemeflt of the heart of the dog following 
experimental arteriovenous fistula The lij-pertrophj and dilata 
tion of the heart mvolviog all the chambers, is doubtless primarily 
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a result of the greater work performed by the organ Jn mastering 
the larger venous return But the depression of the mean aortic 
pressure may also be concerned m the production of the dilatation 
through the intermediacy of deficient coronarj flow (see below) 

4 There is usuallj a moderate acceleration m the rate of the 
heart Lewis and Drury attribute the tachj cardia to a \ agal reflex 
initiated by the fall m mean arterial pressure t e , to the reflex 
mechanism now known to be initiate by the receptors in the 
carotid sinus and aorta The absence of substantial rise in venous 
pressure despite greater v enous return is presumably explained by 
the increased work of the heart 

An interesting and sometimes diagnostically important phenome- 
non IS the slowing of the pulse on compression of an arteriovenous 
aneurysm— the bradycardiac reaction described bj Nicoladoni®®and 
Branham The pulse rate often falls from 90 to 60 or less per 
minute The mechanism of the bradycardia reaction is not clear 
Lewis and Drury believe it to be a reflex vagal slowing produced 
by the nse in arterial pressure that results from compression of 
the aneurysm, they observed that the reaction no longer occurs 
after atropmization, but this has been disputed (Hitzig and Master) 
It IS possible that the decrease m the venous return to the heart 
that doubtless follows compression of the aneurysm may slow the 
heart through the mechanism of the Bainbndge reflex 

5 la experimental arteriovenous fistula Holman^* found an 
increase m the circulating blood volume This was not present in 
a patient studied by Ellis and Weiss The increase m circulating 
blood volume, w hen present, is doubtless correlated w ith the greater 
cardiac output, which it also accompanies under such circumstances 
as exercise and excitement (page 01), as well as in hyperthyToidism 
(page 570) 

Heart Failure m Artenovenous Fistula — In view of the strain 
thrown on the heart by the increased venous return, it is not sur- 
prising that cardiac failure develops sooner or later in a high propor- 
tion of the cases Another factor which is probably important in 
the genesis of heart failure is dimmished coronary flow due to the 
lowermg of the mean aortic pressure The factor of diminished 
coronary flow becomes more significant as the mass of the heart 
muscle increases with longer duration of the fistula with its constant 
strain on the heart The aneurysm may be present for many years 
before heart failure becomes manifest— fifteen and nineteen years 
m the cases of Osier On the othey Imnd, the patient studied by 
Hitzig and Master had symptoms of heart failure witliin two years 
of the production of a popliteal arteriovenous communication, and 
the interval may be even shorter The symptoms are usually 
those of both left- and right-sided failure— dy spnea, pulmonaiy 
engorgement, swelling of the systemic veins and liver, and edema 
In some cases the symptoms of nght-sided failure predominate 
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Thus, Hoovtr and noted that m their patient, who was 

tapped 40 times in two j ears foroscitcs due to heart failure, engorge- 
ment of the lungs was absent In such cases it is to be presumed 
tliat the failure of the right \cntnc!e so reduces pulmonary blood 
flow tint it IS within the functional capacity of tlie left ventricle 
On the other hand, there are also cases of arteriovenous communi- 
cation w ith isolated failure of the left side of the heart An excellent 
example is the patient studied by Hitzig 4and IMaster, whose syanp- 
toins were those of left sided failure with prolongation of the 
arm-to-tongue circulation time in tlie presence of normal venous 
pressure Flic pathogenesis of isolated left sided failure m arterio- 
venous comraumcation is not clear, possibly , but purelv hjpolheti- 
callv, it 13 due to the thicker left ventricle sulfering from diminished 
eoronarj How more than docs the right ventricle Anginal pam 
which disappeared after closure of an arteriovenous fistula was 
observed bv 1‘erthes “ 

Heart failure due to arteriovenous anturjsm maj hst for jears, 
but tends to progress and leads to death unless the fistula is closed 
Ihcn, the relief is spectacular Leriehe** noted that following the 
application of the clamp the patient became less d>spneic and the 
swollen liver had receded grcatl> liefore the operation was finislit*d 
Ilitzig and Master found that the arm to tongue circulation time, 
which was twcntj-cight seconds pre-operatu elv had returned to a 
normal value of 11 j seconds in less than twenty hours after the 
operation Even iluring compression of the aneurism djspnca and 
other s>mptom3 of heart failure may be much ameliorated and 
Hitaig and Master observed tliat the arm to-tongue circulation 
time was shortened seven seconds In no other form of heart 
failure 13 equally rapid relief to be obtaincal 

Hypoglycemia —A remarkable vanety of cardiac strain which 
may lead to heart failure or more often angina pectoris is that 
resulting from overdosage of insulin Serious episodes of this nature 
apparently occur only in those with previously damaged hearts 
The available evidence indicates that Iwth increase in cardiac work 
due to circulatory acceleration and decrease m the functional capac- 
ity oi the heart are concerned m &e pathogenesis oi the cardiac 
strain 

The circulatory manifestations of liypoglycemia were originally 
observed as a result of uiimteuded overdosage with insulin in 
diabetics, but are now encountered much more strikingly m the 
insulin shock treatment of psychoses (c/ Ifessuiger’*) 

The CuculaUoa m Hypoglycemia — Suuple cluucal observation 
often reveals that hypoglycenua is accompauied by dilatation of 
the small vessels and acceleration of the circulation The flushed 
skin and warm extremities— m blatant contrast to the cold pallor 
of acidotic intoxication— bespeak increased cutaneous blood flow 
Peripheral dilatation is also indicated by the capillary pulsation 
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which was present m 12 of Ernstene and Altschule’s*® 13 cases 
Since oxjgen consumption is increased rather than decreased m 
hj'pogljcemia, the bright red color and high oxygen content of the 
\enous blood observed bj Ilolzer and Klein^® and Wiechmann and 
Koch'®* also evince more rapid blood flowr The pulse rate is 
accelerated Wilder'®* observed that the sjstolic pressure maj be 
considerablj elevated during insulin reactions Ernstene and Alt- 
schule found an average increase m pulse pressure of 73 per cent, 
which was due to fall m diastolic and usually rise m s} stohc tension 
The direct proof of the circulatory acceleration indicated by these 
findings has been furnished by the demonstration of Lauter and 
Baumann** w ith the ethyl iodide method and Ernstene and Altschule 
with the more correct acetylene method than the minute volume 
of the heart is augmented during hypoglycemia 'Ihe last-named 
investigators found an average increase of 29 per cent and a maximal 
rise of 86 per cent in cardiac output Accordmg to Lauter and 
Baumann, the increase in cardiac output may last for sev eral hours 
after hypoglycemia has been relieved by the administration of 
glucose * 

The circulatory acceleration of hypoglycemia has been regarded 
as a compensatory response to glucose want m the tissues, ]ust as 
oxygen deficiency increases the blood fiow But such a teleological, 
and purely theoretical, conception does not explain the mechanism 
through which the circulatory acceleration is evoked It is plaus- 
ible, though as yet unproved, that this occurs through the inte> 
mediacy of enhanced secretion of epinephnn Cannon, Mclver and 
Bliss*® have adduced evidence that the injection of insulin leads to 
sympathetic stimulation and increased secretion of epinephnn 
The circulatory manifestations of hypoglycemia— accelerated heart 
rate, increased pulse pressure, enhanc^ cardiac output, and liability 
to angina pectoris m the presence of coronary sclerosis— are pre- 
cisely those which would be expected from hypersecretion of 
epinephnn 

The Myocardium m Hypoglycemia —There is also electrocardio- 
graphic evidence that the myocardium suffers during hy pogly cemia 
Wittgenstein and 'Mendel,”* Middleton and Oatway,’’ Haynal** 
and Lauter and Bauman have observed during hypoglv cemia de- 
crease m amplitude and n^atmtv of the T wave displacement 
of the R-T segment from the isoelectric level, and less often pro- 
longation of the P~R interval They have also produced these 
changes m the expenmental animal by the injection of insulin 
In individuab with previous coronary artery disease, extrasystoles 
and auricular fibrillation have been observed during hypoglycemia 

* The increase in cardiac output rue in pulse pressure and other evidences of 

circulatory acceleration show that insubnhypo^) cemia does not produce circulatory 
shock (Chapter XXXII) so that in th»a sense the term hypoglycemic shock is a 
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Wietlitr Ujc mj ocardial damage documented bj thcM! changes is 
due to glucose deficiency m the heart muscle or is produced m 
some other \\ay by overdosage of insulin remains to be deterramed 

Angma Fectons and Heart Failure in Hypoglycemia —That the 
increased cardiac work and deleterious effect of hypoglycemia on 
the myocardium should produce angina pectoris or heart failure in 
an individual with a previously healthy heart docs not seem to 
ha\c been observed although palpitation may occur But a high 
proportion of middle-aged and elderly diabetics receiving insulin 
liave well marked coronary arteriosclerosis and m tliese overdosage 
of insulin may lead to serious cardiac manifestations and rarely 
even a fatal termination Soon after tbe introduction of msulm 
Gigon** mentioned briefly tliat a diabetic with starl tr Kreislauf 
stoening died after the third injection of msulm Since then 
Hetenyi ** Turner and others have reported eases in which the 
injection of insulin was followed on repeated occasions by angina 
pectoris m some of tbe patients it was demonstrated that tlic simul 
tancous administration of glucose prev eiits the angina I have seen 
several cases in which great caution was needed m the administration 
of msulm because of anginal pam following tlie injections Joslin*' 
and Blotncr^ observed myocardial infarction soon after the odmm 
istrationof msulm and I have seen a similar accident \on^oordcn 
and Isaac^^* and others have observed a fata) outcome in diabetics 
with coronary sclerosis following tlic injection of msulm Of course 
the possibility of mere coincidence must be borne m mind but this 
IS evidently not always true Much less frequent than cases with 
cardiac pam are those in which heart failure is precipitated m 
individuals with coronary sclerosis by the injection of insulin and 
relieved when insulin is discontmued and glucose administered 
Nicely and Edmuudson^* and Remwem” have each reported two 
such cases In these patients tbe edema is apt to be especially 
severe perhaps because of the effect of insulin in favoring water 
retention under certain cuxiumstances It is obvious that great 
caution must be used m the administration of msulm to individuals 
with coronary artery disease 
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chapteh XXX 


HEART FAILURE INITIATED BY GENERALIZED 
CARDIAC STRAIN 11 DIFFUSE 
JIYOCARDUL DISEASE 

WiDESPREU) mjocardial damage results from one of three 
general tjpes of processes 

1 Ischemic damage to the heart muscle resulting from narro^\ mg 
of the coronary arteries Because of the greater susceptibility of 
the tliick left ventricle to ischemic damage, heart failure due to 
coronary artery disease is almost always initiated as left ventricular 
failure, and is therefore considered m conjunction with the latter 
(page 411) An allied pathogenesis of functional impairment of the 
my ocardium is that due to insufficient oxygen dehv ery due to changes 
in the composition of the blood (anemia, arterial anoxemia), it is 
exemplified by the frequency with which electrocardiographic 
changes occur in carbon monoxide poisoning (c/ Stemmann**) 

2 Myocarditis of infectious etiology By far the most important 
form of myocarditis is that due to rheumatic infection (page 338) 
However, the form of heart failure m rheumatic myocarditis is 
almost always determined bv associated valvular defects of peri- 
carditis, and It is therefore considered in conjunction w ith the latter 
The other infection m which heart failure due to myocarditis may 
completely dominate the clinical picture is diphtheria, it is consid- 
ered below ^Yhile myocarditis may occur m various other infec- 
tions, most often it is not nearly so important m the clinical ensemble 
as is peripheral circulatory failure, with which it is discussed (Chap- 
ter XXXII) 

Tfiat some instances of so-caffed congeoitaf cardiac hypertrophy are due 
to diiTuse myocarditis is mentioned on page 314 There are also extremely 
rare cases of acute isolated myocarditis (also known as Fiedler’s myo- 
carditis) the etiology of which is completely obscure The clinical picture 
IS that of progressne heart failure lastii^ from a few weeks to over a year 
Ixecropsy reveals that the cardiac failure is due to diffuse inflaminatory 
disease of the myocardium with extensive interstitial infiltration (Scott 
and Saphir,” Simon and Wolpaw**) The doubtful significance of syphilitic 
myocarditis is mentioned on page 466 

3 Regressiie changes m the heart muscle which are part of gen- 
eralized metabolic disturbances, such as myxedema, beriben, and 
V on Gierke’s gly cogen disease (page 314) 


(SS7) 
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THE DIPHTHERIA HEART 

Next to rheumatic fever, diphtheria is the infectious disease 
complicated m the highest proportion of cases by heart failure 
Diphtheria formerly ranked high among the causes of circulatory 
failure, but since the great success of the campaign for the pre- 
vention of the disease and the nidespread and early use of the 
antitoxin, this cause of heart diseasehasbeen thrust statistically into 
the background and m New York City is now disappearing Older 
estimates by Romberg’* and others indicated that the circulation 
fails m between 10 and 20 per cent of cases of diplithcria, but I 
believe that a much lower incidence is obser\cd at present m New 
York City, presumably because of the early and adequate use of the 
antitoxin 

In addition to the heart failure with which this section is con- 
cerned, it appears that diphtheria may also be complicated bj periph- 
eral circulatory failure In some of the cases, the circulatory failure 
apparently results from both cardiac and peripheral damage Little 
13 known concuniiig the mcctiamsm of peripheral circulatory failure 
and consequent deficient i cnous return to the heart in diphtheria 
Because of the great affinity of the exotoxin of the diphtheria bacillus 
for the peripheral nerves, it has been thought that damage to the 
vasomotor nerves may be the significant factor Ldmunds and 
Johnston*’ found evidence that the circulatory collapse is due to 
the e^ect of the exotoxin on the m) oneura) junction of the splanchnic 
nerves, with resultant increase m capacity and stagnation of blood 
in the vessels of the splanchnic area (page CC3) 

Pathological Anatomy of the Diphtheria Heart —Cardiac failure 
m diphtheria finds an adequate explanation m the extensive mj ocat- 
dial lesions present at necropsy Experimental evidence indicates 
that these result from the direct action of the exotoxin on the muscle 
fibers At necropsy, the heart is dilated Prcquently, hemorrhages 
are seen under the cpicardium and endocardium, less often in the 
midst of tlie heart muscle On section, tlie latter appears cloudy 
and often pale, there may be grayish or yellowish spots and streaks 
Ocscaswiaally, mural thrombi arc present Endocarditis and peri- 
carditis are rare, and presumably attnbutable to secondary infec- 
tion Microscopic examination m the cases with heart failure reveals 
severe lesions In the cases that succumb in the early stages of the 
disease, these lesions consist almost entirely of degenerative changes 
m the muscle fibers ("parenchymatous myocarditis” of the older 
pathologists) and perhaps interstitial edema, witli usually little 
mterstitial cellular infiltration The changes m the muscle fibers 
are variegated necrosis, indicated bv defiaent stainmg of the muscle 
nuclei, loss of transverse striation, fatty, albuminous and vacuolar 
changes, and waxy transformation of ti^ie of Zenker’s degen- 
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eration in the skeletal muscle These regressive changes may lead 
to extensive areas of destruction of the heart muscle The fibers 
of the conduction system may be implicated very early, but are 
not always strikingly affected In cases which succumb after the 
second week, interstitial cellular infiltration becomes more promi- 
nent and areas of granulation tissuewith resultant replacementfibrosis 
appear In some instances, the interstitial infiltration becomes so 
marked that older investigators described the process as interstitial 
myocarditis, but the available evidence (hloenckeberg”) indicates 
strongly that the primary changes are in the muscle fibers, and 
that the cellular infiltration is at least predominantly secondary 
Widespread scarring and enlargement of the heart may remain as 
residues of healed diphtheritic myocarditis 

Climcal Pictures —In malignant diphtheria, circulatory failure 
may appear in the first daj s Such earlj circulatory failure is prob- 
ably at least most often of peripheral genesis and not due to mj o- 
carditis The common time for heart failure due to diphtheritic 
mjocarditis to make its appearance is m the second or third week, 
when the temperature has fallen and convalescence seems to be pro- 
gressing uneventfully There are also rare instances m which heart 
failure does not become manifest until two months after the onset 
of the disease, which may have seemed mild during the onset of the 
angina 

Various clinical pictures are encountered Probably as a result of 
the rapid onset of the heart failure, the manifestations of decreased 
cardiac output dominate the symptomatology, the picture is that 
of “cardiac shock ” closely simulating that of peripheral circulatory 
failure except for the accompanying evidences of engorgement of 
the lungs and systemic veins Most feared and tragic of the con- 
sequences of the diphthena heart is sudden death, the seemingly 
convalescent child sits up in bed and then falls pulseless However, 
such tragedies are rarely altogether unexpected if the pulse and other 
clinical features are followed carefully during convalescence 
Common early indications of the onset of heart failure in diphtheria 
are pallor not due to anemia, loss of appetite, nausea, vomiting 
(an especially important symptom), abdominal pain, and lethargy 
Often, changes in the pulse signal the development of the circulatory 
disturbance before there are subjective ^mptoms Most frequently, 
the pulse is accelerated and may be irregular as a result of extra- 
sj stoles, auricular fibrillation or other disUirbance in rhythm Some 
of the tachycardias are perhaps attnbutable to diphtheritic neuritis 
of the vagus Less common, but particularly grave, are those cases 
m which slowing of the pulse testes to the existence of partial or 
complete aunculo ventricular block 

The usual and frequently cadaveric pallor of the patients is 
especially noteworthy, it testifies eloquently to the small cardiac 



500 UEART FULURE IhlTlXTBD B\ C \RDI iC STRAIN 

output The cardiac damage ts re\ ealed by enlargement of tlie heart 
gallop rhythm the above mentioned arrhjthnuas and conduction 
disturbances and bj sv.eUing of tlie Uver v.hich is often dispro- 
portionately more pronounced tlian tlie other evidences of cardiac 
weakness Djspnea cjanosis and edema may all occur but are 
often absent The \ eins of the neck are generally distended and the 
venous pressure maj be high The artenal pressure is most often 
depressed sometimes stnking]> so The urine is scant> and often 
albuminous Rare manifestations are attacks of angina pectoris 
hemiplegia other paraliscs or gangrene of an extreinitj due to 
embolization of tlirombi from the dilatc<l left heart and the Stokes 
Adams sjndrome m the cases with heart block Heart failure may 
be accompanied bj diphtheritic paraljsis of tlie palate or other 
muscles Brunchopnciimontaisa common terminating complication 

riic prognosis of circulatoiy failure in diphtlieria is uncertain 
according to Romberg about onc-tliml of the patients succumb 
Sometimes tlie cardiac failure is mild and transient but m other 
cases It 13 severe and lasts for weeks or even montlis with alternating 
axaccrbation and improvement Sudden ileath may occur at any 
time though more often the fatal outcome terminates progressive 
intensification m the circulatoiy failure for some davs or weeks 
Heart block is a particularly ominous sign \II 10 cases of complete 
heart block studial by Steclmer** dic<l but otliers have reported 
survival of such patients which I have also seen once Of Stcchner s 
G patients with delated intraventricular conduction 4 had electro 
cardiographie recovery 

The after effects of diphtheria on the heart deserve further study 
Jones and ^Ylnte'’ examined 100 individuals who lad had severe 
diphtheria five to eight >ears previously but none showed any 
e\ idencc of heart disease On the other hand Hoskins’* found that 
persistent electrocardiographic changes are quite common after 
diphtheria Butler and Levine* found that 10 of 20 individuals with 
heart block of obscure causation had a history of diphtheria and 
beiiev e this infection to be of etiological significance m a considerable 
proportion of such cases The heart may remain permanently 
enlarged after diphtheritic myocarditis persistent valvular defects 
have also been described on rare occasions but their direct connec- 
tion with infection by the Klebs-Loefller bacillus remains to be 
established 

THS HEAET 

Like other bodily functions in myxedema and cretinism cardiac 
action and blood flow are sluggish the antithesis of the accelerated 
heart and circulation of hyperthyroidism ^Vblle the small cardiac 
accomplishment is probably primarily a consequence of the small 
demand for cardiac work bv the quasi hibernating organism there 
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IS also good evidence that the actual functional capacity of the 
heart is at least often diminished in hj'pothjroid states In the 
severe forms of mjxedema and cretmism, this is probably alwajs 
the case Moreo%er, in long-standing hv'pothjroidism, pronounced 
and precocious arteriosclerosis develops and may implicate the 
coronary arteries Nevertheless, heart failure and angma pectoris 
are the exception and not the rule, a phenomenon which is doubtless 
a corollary of the small demands on the heart 

The Circulation m Myxedema — As would be anticipated from the 
diminished oxygen consumption, the chief characteristic of the 
circulation in myTcedema is a diminution in the volume of blood 
fiow The pronounced decrease in cardiac output in spontaneous 
mj-xedema was first demonstrated by Bock and Field (reported by 
Means**) and later b> Bansi* and others These observations 
showed that the administration of thyroid to myxedematous sub- 
jects IS followed by a rise in cardiac output The decrease in cardiac 
output m myxedema occurs despite the usual secondary anemia 
which would tend to accelerate blood flow In 7 patients in whom 
the thyroid gland had been completely remo\ed for therapeutic 
purposes, Altschule and \olk‘ found that the minute volume of 
circulation was greatly diminished, with the acetylene method, the 
cardiac output per square meter of body surface was only 1 1 to 
1 4 liters per minute as contrasted with the normal value of 2 2 liters 
The decrease m cardiac output was due to both bradvcardia and 
diminution m output per beat Altschule and Volk found that the 
cardiac output falls proportionatelv more than docs the oxygen 
consumption, with the result that the arteriovenous difference rises 
This finding harmonizes vv ith the observ ation that in Grav es’ disease 
the cardiac output is increased relatively more than the oxygen 
consumption (page 561), and is perhaps a manifestation of relatively 
greater diminution in cutaneous blood flow, which serves to decrease 
heat loss and thus tends to maintain body temperature despite low 
heat production The small cutaneous blood flow, which is evinced 
by the cold skin, may well be concerned in the production of certain 
of the changes in the skin and the falling out of the hair so charac- 
teristic of myxedema 

One manifestation of the diminished cardiac output is the slowing 
m the Telocity of blood fioio demonstrated by Blumgart, Gargill and 
Gilligan * T^ey found that the velocity of blood flow tends to 
parallel the basal metabolic rate and returns to normal as a result 
of the administration of thyroid In myxedema, despite the absence 
of passive engorgement, the blood may flow as slowly as in pro- 
nounced heart failure, the arm to-tongue circulation time may be 
double the normal (twenty -five seconds or longer with saccharin) 
In exceptional instances, despite a low metabolic rate, the circula- 
tion time IS but little prolonged, further studies are needed to deter- 



592 HEART FAILURE INITIATED BY CARDIAC STRAIN 

mine whetlier, m these cases, diminution m cardiac output is not 
due more to decrease m cross-section of the vascular bed resulting 
from smaller circulating blood volume than to slowing m the linear 
velocity of flow Interestingly enough, Blacj , Claiborne and Hurx- 
thal’* found that the velocity of blood flow is not decreased when 
the metabolic rate is lowered by hj popituitansm 

Another manifestation of myxedema which is presumably cor- 
related witii tiic decrease m cardiac output is the diminution m 
circulating blood volume found bj Thompson “ In 9 patients with 
mixedcma, he showed that the circulating plasma volume increased 
an average of 22 9 per cent on the administration of thyroid extract, 
witli a slightly greater rise m the total circulating blood volume 
Thompson's observations reaealed a parallelism between the meta- 
bolic rate and the circulating plasma volume 

The arienol ‘prasurc is not constantly affected m myxedema 
Most often, the systolic and diastolic pressures tend to be somewhat 
low and may rise after the admmistration of thjToid In accord 
witli tlio small stroke volume, the pulse pressure is usually small 
and increases as a result of thjroid medication In exceptional 
instances (Fishberg'* and Duden*), myxedema is accompanied by 
arterial hypertension hlost often, the association of lij’pcrtension 
and m}*x^ema is probably fortuitous, but this docs not seem to 
be always true, m Duden’s case, the elevated blood pressure twice 
fell when thyroid was administered, to rise again when the medica- 
tion was discontinued In one of Ohler and Abramsons” cases 
the blood presaure fell from 180/120 mm to lOS/63 mm under 
treatment And tlie patient with mjxedema and hj-pertcnsion 
reported by the wTiter was only twentj -one > ears of age at the time 
of death, an age at which ordinary essential h>'pertension is a raritj. 

The lenous •pressure is nomial in mj xedema w itliout heart failure 

The tital capacilg was found by Dlumgart, Gargill and GUhgan* 
to be strikingly diminished in myxedema, despite the absence of 
pulmonary engorgement While not proved, it is possible that the 
decrease m vital capacity is part of tlie general muscular weakness, 
which has been demonstrated in the voluntary muscles by Rockwell 
(cited bj Fahr) Contrary to the findings m spontaneous rajxe- 
dema, Schmtker, Van Raalte and Cutler” observed little change 
m vital capacitj m the hypothyroidism produced by total ablation 
of the thyroid gland 

The Heart m Myxedema —The cardiac manifestations of high- 
grade myxedema were first described by Zondek,** who spoke of 
‘ myxedema heart ” The important characteristics of the myx- 
edema heart are as follows 

Enlargement — Companson of the size of the heart m myxedema- 
tous subjects before and after the administration of thyroid generally 
rev eals enlargement which diminishes or disappears under the medi- 
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cation AjTnan* and hia associates find tliat of 22 cases reported 
m the literature, the a\ erage decrease in the transverse diameter 
of the heart after thyroid therapy vsas 3 3 cm , ^\lth a minimal 
decrease of 1 cm and a maximal of 6 3 cm Of 30 patients w ith 
mj'xedema heart to whom Cleans and Lerman^^ administered thj- 
roid, the transverse diameter decreased 2 to 7 cm in 14 and 1 to 
2 cm in 6 How great cardiac enlaigement may result from mjx- 
edema is indicated by Fahr s*‘ observation m which the volume of 
the heart decreased fay one-half under thyroid medication The 
enlargement involves all the chambers of the heart, and may be 
accompanied by pronounced increase in the transverse diameter of 
the vascular pedicle whicli recedes on thyroid treatment (Ay man 
el al ) Often the separation of the individual arcs of the cardiac 
borders is less distinct than normally Apparentlv, the only specific 
characteristic of the enlargement of the myxedema heart is that it 
recedes on the administration of thyroid but not of digitalis 
The cause of the enlargement of tlie myxedema heart has been 
repeatedly discussed but not unequivocally established That the 
pronounced enlargement often present can be due to thickening of 
the walls of the heart by myxedematous swelling seems out of the 
question from the few available descriptions of the postmortem 
appearance of the heart m myxedema While pericardial effusion 
has been observed in rare instances (Gordon ’‘Marzulloand Franco”) 
and may exceed a liter the roentgen appearance of the heart does 
not suggest that this is the usual cause of the enlargement A high 
position of the diaphragm mav sometimes contribute to the broaden 
mg of the transverse diameter but is not alwavs present In all 
probability, tlie enlargement is due to dilatation of the heart mani- 
festing dunmished functional capacity of the myocardium and a 
specific result of thyroid deficiency The electrocardiographic 
changes described below indicate the deleterious effects of hvpothy- 
roidism on the myocardium Felix” has found that the addition of 
thy roxm to the perfusion fluid increases the amplitude of contraction 
of the frog’s heart It seems a fair corollary, although one requiring 
direct proof that lack of the thy roid hormone diminishes the capacity 
for work of the heart and thus favors dilatation In some instances 
the protracted anemia may contribute to the dilatation 

Sluggish Cardiac Action — In severe myxedema the rate of beat 
IS generally, although not alwavs slowed exceptionally the basal 
pulse rate is m the forties despite absence of conduction disturbances 
Fluoroscopic observation may reveal sluggish cardiac contractions 
of small amplitude the reverse of what is seen m Graves disease 
The sluggish systole is probably responsible for the distant heart 
sounds often present 

Work —Stewart** and his associates found by calculation from 
the observed cardiac output and arterial pressure that the work 
37 
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performed by the heart m tu>xcdema js lo\s aad not commensunte 
with the size of the heart 

Elccirocardiograyhits Changes —The characteristic electrocardio- 
graphic picture of the inyx^eraa heart, first depicted by Zondek, 
consists in diminishetl voltage of all the deflections with low or 
flat P waves, low R waves, and low, flat or inverted T w'aves 
Thacher*® found the same changes in cretinism The deflections 
increase m amplitude as a result of the administration of thyroid 
Ohier and Abramson found considerable parallelism between the 
metabolic rate and the height of the R wave, but in different cases 
they did not detect a constant relationship between the amplitude 
of the R wave and the metabolic rate In addition to the low 
amplitude of the deflections, prolongation of the P-Jl interval and 
changes in the Q-P-iS complex, the R- T interval, and tlie direction 
of the T wave may result from myxedema, the connection being 
proved by the return to normal under the influence of thyroid 
therapj Partial and complete heart block clearing up on the admin- 
istration of thj roid hav e been described (Luten,®* Wi!lms“) Fabr 
observed prolongation of the Q-R-S complex to 0 18 second, which 
diminished to 0 08 second under thjroid treatment 

The regression after Uijroid administration shows that the 
electrocardiographic abnormalities of mjatedema are specific mani- 
festations of th>roid deficiency But the precise nature of the 
changes m the heart muscle (ni>xcdematou3 changes in the muscle 
fibers? m>xcdematou3 swelling of the connective tissue with com- 
pression of the muscle fibers?) is totally unknow n Lueg“ attempted 
to explain the decreased voltage of the deflections as a result of 
augmented resistance in the skin But this explanation fails to 
elucidate the other electrocardiograjihic changes, and is disproved 
bv the finding of Coelho* that the same tracings are obtamed with 
needle electrodes Sloreover, Ohier and Abramson found that 
increasing the resistance by poor contact with the skin mcreases 
rather than decreases the height of the complexes 

Heart Failure and Angina Pectoris m Myxedema —The charac- 
teristics of the myxedema heart— enlargement, sluggish contraction, 
and electrocardiographic abnonnalities— indicate that the func- 
tional capacity of the organ is dimmished Nevertheless, unequiv- 
ocal evidences of cardiac failure are present m only a mmonty of 
instances of myxedema heart It is true that Fahr observed 5 ex- 
amples of severe and 8 of mild heart failure m 17 patients with 
myxedema But other cliniaans report a much lower incidence of 
heart failure Thus, Means and Lennan encountered frank cardiac 
insufficiency in only 1 of 30 patients with myxedema Cardiac 
failure was present in less than ^ per ant of the cases of myxedema 
heart collected from the hterature by Ayman and his associates 
and m neither of the 2 patients they studied In my experience 
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only a small mmonty of patients with severe myxedema hav e had 
evidences of cardiac insufficiency m the form of pulmonary or sys- 
temic \enous engorgement And m some of these cases it seemed 
clear that the heart failure was not due to the myxedema directly 
but to coronary arteriosclerosis or rarely also hypertension It 
would seem that the rationale of the rarity of failure of the myx- 
edema heart is that cardiac work, is diminished to such an extent 
that it IS within even the diminished functional capacity of the 
heart This is the principle winch has been applied by Blumgart 
in his treatment of heart failure by extirpation of the thyroid 
(page 743) 

In the exceptional cases in which the myxedema heart fails, the 
clinical picture includes the usual manifestations of insufficiency of 
both sides of the heart— dyspnea, cyanosis, signs of pulmonary 
engorgement, swelling of the veins and liver, dependent edema and 
transudates m the serous cavities, etc It appears that ascites and 
hjdrothorax, like pericardial effusion, in myxedema are not always 
due to heart failure but may be directly myxedematous {cf JlarzuIIo 
and Franco") The only characteristic feature of the heart failure 
13 that It IS relieved by the administration of thyroid and not of 
digitalis \Miere the manifestations of cardiac failure are not 
alleviated by thjroid therapj, they are not attributable directly 
to the myxedema but to associated coronary arteriosclerosis or 
perhaps h>'pertension, the m>'xedema, indeed may militate against 
the development of cardiac failure through diminishing the work of 
the heart Probably most instances of heart failure in elderly 
myxedematous subjects are of artenosclerotic origin 

Cardiac ■pain is not rare m the myxedematous Most often it is 
probably due to coronary arteriosclerosis Long-standing hj^po- 
thyroidism undoubtedly favors the development of artenosclerosis 
Simpson" and others have observed severe arteriosclerosis in sheep, 
goats, and other animals following thyroidectomy Elderly myx- 
edematous subjects almost alwajs show severe arteriosclerosis, this 
was present in a man with myxedema who succumbed at the age 
of twentj-one jears It JS an interesting point, brought out by 
CliTistian,^ iMeans, ^VhIte and Krantz,** and others, that the 
administration of thyroid may elicit anginal attacks m myxedema 
This IS presumablj attnbutable to the increase in the work of the 
heart and the consequent elimmatioa of the cardiac rest afforded 
by the low metabolic rate I have at present under observation a 
man of fortj with classical myxedema in whom cardiac pain has 
persisted for almost a jear while the metabolic rate has been main- 
tained within normal limits by the admimstration of thyroid extract 
The pain is not paroxj smal and not precipitated by exertion Fahr 
has described coronary thrombosis m a woman with myxedema 
follow mg the administration of thyroid On the other hand, Ziskm" 
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and Beaumont and Robertson* lui\e reported the improvement of 
angiml pam m mj'xeiJema by thyroid therapy, an observ ation also 
made by Libman*' in subjects not obviously mjxedcraatoiis In 
Beaumont and Robertson’s patient, either overdosage or under- 
dosage with tlijroid was followed by recurrence of anginal pain 
'Ihe meclnnism of the pain and its relief b^ tlijroid treatment m 
such cases is obscure 


THE BERIBERI HEART 

A remarkable cardiovascular disturbance inaj result from defi- 
ciencj in v itamm Bi The existence of this circulatory derangement 
in the beriberi of the nee-eaters of the Orient Ins long been known, 
and has been studied m detail under tlie name of the “benben 
heart” bj Wenckebach and Aalsmecr** and Keefer*® However, 
notw ithstanding isolated descriptions b> Scott and Ilenuann” and 
others, the occurrence of severe circulatory failure m vitamin Bi 
dcfititncy as it is encountered m the United States was not generally 
appreciated prior to the important investigations of Weiss and 
Wilkins « 

The large majority of instances of benben heart described in 
nortlicastern United States iiavc occurreil in the avitaminosis of 
alcoholics Tor this reason, apparently, the incidence of the con- 
dition vanes enormously in different institutions, almost all the 
cases arc observed m umnicipal hospitals with their numerous 
alcoholic derelicts Weiss and Wilkins base their report on 120 
cases at tlie Boston City Ifo'^pital They encountered cardiovascu- 
lar disturbances due to vitamm Bi deficiency m 1 in ICO admissions 
to the medical wards and state that in tlieir institution it is more 
common tlian hypertbjroid heart disease or subacute bacterial 
endocarditis At Bellevue Hospital, JollifFe and Rosenblura** found 
cardiovascular symptoms in 19 of G5 inebnites who presented poly- 
neuritis, Laennecs cirrhosis or other “nutritional complications” 
of alcoholism On tlie other hand, m the past three years since 
becoming interested in the condition througli Weiss’s publications, 

I have recognized no well-defined example of heart failure due to 
avitaminosis at The Mount Siuat Hospital or m private practice 
For this reason, the followmg paragraphs are ba^ed on the above- 
mentioned publications and i few cases shown me by others 

Heart failure due to v itamm Bi deficiency is characterized by the 
curativ e effect of tluamm and is peculiar in that, like some mstances 
of hvperthyroidism, it occurs m the presence of accelerated periph- 
eral blood How due to vasMlilatation It appears that the avitamin- 
osis on the one hand impairs functional capacity of the my ocardmm 
and on the otlier exerts some obscure peripheral effect which results 
in relaxation of the small \esseb The increased v enous return due 
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to the dunmished peripheral resistance may in turn augment the 
insufficienev of the functionally unpaired right heart 

The cardiovascular symptoms of \itamm Bi deficiency are most 
often associated with polj neuritis, psjchosis, cirrhosis, or other 
consequences of avitaminosis and alcoholism Howe\er, Keefer 
and others ha\ e pointed out that heart failure is most apt to occur 
m cases of vitamin Bi nant m which the polj neuritis has not been 
severe enough to curtail much the physical activities of the patient, 
the rationale is presumably much the same as that of the rarity of 
heart failure m tabetics with luetic aortic regurgitation The onset 
of heart failure may be revealed by weakness, swelling of the feet, 
exertional or paroxysmal dyspnea, palpitation, cough, or other of 
the usual manifestations 'ihe objective finduigs^may include 
edema, distention of the cervical veins, enlargement of the heart, 
tacliy cardia, gallop rhythm, manifestations of pulmonary engorge- 
ment, enlargement of the fiver, and transudates m the serouscav ities 
Keefer emphasized the necessity for caution m attributing edema 
m beriberi to heart failure without supporting evidence, for the 
avitaminosis also produces dropsy through other mechanisms 
Weiss and Wilkins attribute arteriolar dilatation with resultant 
increase in capillary pressure a r6le m the production of the edema 
Observers m the Orient describe the cardiac insufficiency as most 
often right ventricular failure, but Weiss and Wilkins also found 
evidences of left sided failure Circulatory collapse and sudden 
death may occur 

Keefer's roentgen studies showed that the enlargement of the 
heart is predominantly due to dilatation of the right side though 
there may also be some dilatation of the left ventricle and auricle 
At necropsy, dilatation of the right ventricle is generally most 
striking Characteristic is the decrease m the size of the heart 
following the administration of vitamin Bj The electrocardio- 
gram exhibits abnormalities m most cases, whicli disappear with 
the correction of the avitaminosis The most common in Weiss 
and Wilkins' patients were changes m the 7 waves and prolongation 
of electneal systole {Q-T interval) They also observed extra- 
systoles and auricular fibrillation, but Wenckebach and Aalsmeer 
encountered no arrhy thmias 

\s mentioned above, there are generally evidences of arteriolar 
dilatation and an accelerated circulation These may include warm 
extremities, prominent arterial pulsations, pistol shot sounds ov er 
the arteries, increased pulse pressure, and capillary pulsations 
Weiss and Wilkins found that the velocity of blood flow is normal 
or increased and the artenovenous oxygen difference decreased 
even m the presence of elevated venous pressure due to heart failure 
Inawashiro and Hay asaka” found the cardiac output increased 

The mechanisms through which deficiency m vitamm Bi produce 
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the peripheral \a&odilatation and the heart failure arc obscure 
Wenckebach and Aalsmeur obsened tlie accximulation of droplets 
of iJujtJ in the heart muscle fibers (hvdropjc degeneration) anti 
interstitial edema between the fibers Thej believe these findings 
indicate water retention in the heart muscle due to tlie vitamin 
deficiency, and that this entails diminution in the contractility of 
the fibers However, the intuprctation of tlie myocardial changes 
as due to water retention is opposed by Weiss and ^\llklIl3' finding 
tliat tbc water content of the myocardium of tlie bcrtbtn heart 
does not differ from tliat of controls Nevertheless, the hypothesis 
of a metabohe change m tlie heart muscle due to the avitaminosis 
seems the most plausible explanation of the cardiac insufficiency 

Pellagra —^eil'* observed tleetrocardiograpliic changes indicat- 
ing myocardial damage m 14 of 38 patients witli pellagra Both 
electrical and mechanical systole were prolonged in some of the 
patients Fed points out tbit acute pellagra is often marked by 
such subjective symptoms as exertional dyspnea and palpitation, 
and objectively by tachycardia and feeble heart sounds However, 
these cardiovascular manifestations are much less pronounced tlian 
m beriberi Weiss and Wilkins beheve the cardiovascular dis- 
turbances in pellagra ore also due to associated deficiency m vita- 
min Bi 

Orthostatic Hypotension Due to Antammosis — Hcccntlv, tlie 
writer has encountered an exquisite example of orthostatic hypo- 
tension in a woman who liad been a "food ennk’ for many years 
and had become extremely emaciated In the erect posture the 
blood pressure could not be measured and she ripcatcdly fainted 
There was peripheral neuritis Large amounts of thiamin and other 
vitamins were administered with clinical recovery and disappear- 
ance of the orthostatic hypotension Presumably , the orthostatic 
hypotension was due to disturbance in the nervous mcLhanism 
regulating the postural adaptation of the blood vessels, such as 
sometimes occurs m tabes dorsalis 
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CHAPTER XXXI 


HYPODIASTOLIC IICART FAILURE 

Tills section is concenietl with certain forms of circulatory failure 
characterized descant filling of the heart So far as is kno^\n, 
subnormal filling of the heart 13 always due to extracardiac causes 
and not to intrinsic weakness of tlic inyocirdium Did the heart 
function as a suction pump, one could conceive of deficient filling 
due to lessened aspiration by a weakened myocardiura But tlic 
evidence available indicates that the heart is at least predomi- 
nantly, and probably exclusively, a force pump which is filled 
jiamreJy wlicn the pressure in the great veins exceeds that within 
the chambers Weakness of the heart muscle therefore tends to 
increase and not to decrease the diastolic filling of the heart It 
has not been demonstrated tJiat there exist conditions of “hyper- 
tonicity" (page. 300) of the myocardium which inhibit diastolic 
relaxation and consequently the ingress of blood into the heart 
Nor IS there cv idence tliat by pcrtropliy of the luj ocardmm interferes 
with filling 

The intdianisms which lead to deficient fillmg of the heart belong 
to two general groups 

1 Disturbances marked by diminution in tlie volume of circulat- 
ing blood or increase in the capacity of tlie small vessels The 
result IS that less blood enters the great v ems in the unit of tune, with 
equal diminution m the venous return to the heart This is the 
mechanism of penpJtfral ctrcvlatory failure which produces tlie 
clinical picture of shock and will be considered in Chapter XXXII 

2 Increased resistance to entrance of blood into the heart, either 
as a result of limitation of the amplitude of diastole w ith or w ithout 
compression of tlie great vems as they enter tlie heart, or because 
of abbreviation of diastole in excessive tachycardia The term 
hypodiaslohc failure serves to designate this meclianism, which 
occurs under three mam circumstances 

(o) Pericardial effusion 
(6) Constrictive pericarditis 
(c) Paroxy smal tachycardia 

In tlie last two conditions, circulatory failure may also be due to 
myocardial insufficiency (weakness of the pump mechanism, hypo- 
sj stolic failure), or there may be a aimbination of insufficient filling 
with myocardial weakness 
(600) 
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PERICAKDIAI EFFUSION 

Pericardial effusion furnishes the classical example of circulatory 
failure due to interference with the diastolic filling of the heart 
However, heart failure is so often absent with even large effusions 
that so keen an observ er as Jlackenzie*^ stated that the presence 
of fluid in the pericardial cavity does not seriously embarrass the 
heart 

Pathological Physiology — Tlie mechanism of circulatory failure in 
pericardial effusion was first clearly elucidated by the experiments 
of Cohnheim ® He showed that when oil is introduced into the 
pericardial cavity under sufficient tension, the entry of blood into 
the heart is hampered with the result that it accumulates in the 
\eina and correspondingly less enters the arteries Cohnheim’s 
studies and the subsequent ones of Starling ” Ivuno“ and others 
ha\e shown that the sequence of events is as follows As the intra- 
pericardial pressure rises, the venous return meets with increasing 
resistance, with the result that the pressure in the v eins rises and 
the cardiac output falls Up to a considerable mtrapencardial 
tension, the arterial pressure is unaffected, vasoconstriction appa> 
ently compensating for the diminished cardiac output But after 
a critical level of mtrapencardial tension is reached, any further 
rise IS followed by an abrupt drop in arterial tension as the cardiac 
output falls too low to be compensated by vasoconstriction As 
might have been anticipated, Kuno’s observations sliowed that the 
level of mtrapencardial tension required to interfere with the 
circulation depends on the initial height of the venous pressure, 
the higher the latter, the more fluid can be introduced into the 
pericardial cavity before the arterial pressure falls 

How high the mtrapencardial pressure may rise as a result of 
pericardial effusion is shown by a case of tuberculous pericarditis 
reported by Beck and Cushing,® m which the mtrapencardial pres- 
sure was 21 cm of water, which fell to zero after the aspiration of 
only 250 cc of fluid 

Significance of the Rapidity of the Effusion —These experiments 
show clearly that circulatory failure in pericardial effusion is a 
function of the mtrapencardial pressure rather than of the volume 
of the effusion This explains the clmical observation that the 
occurrence of circulatory failure m pericardial effusion is largely 
dependent on the rapidity with which the fluid accumulates, for the 
latter is a prime determinant of the mtrapencardial pressure that 
develops The pericardium is practically inextensible, only a few 
hundr^ cubic centimeters of fluid can be introduced into the 
cavity at one sitting even under liigh pressure As a result, intol- 
erable compression of the heart readily occurs when fluid enters 
the pericardium rapidly The best examples are seen m hemor- 
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rhagc into the pcricardmra— as a result of trauma, rupture of an 
an(,urjsra, scurvj, or other hemorrhagic diathesis— \vhereas little 
as 200 cc of blocKl have been observed to cause fatal tamponade of 
the heart Ibis is the mechanism of the rare instances of sudden 
dtatli in uhich comparati\ely small liemorrhage into the peri- 
cardium IS found 

Relatively rapid effusion into the pericardium also occurs m 
purulent pericarditis, and then i«\cre circulatorj failure maj 
develop witliin a few hours In one such case of purulent peri- 
carditis in streptococcal sepsis, the pulse at the wrist was impalpable 
m less tlian a day after orthopnea first was noted, removal of 
500 cc of jius by paracentesis was accompanied by restoration 
of normal blood pressure and disappearance of orthopnea and 
cjanosis, and jet the necropsy show^ that the 500 cc was almost 
ail the fluid that had been present in tlie pericardium 

^V}len tlic iiuid accumulates more slow!), as in most instances 
of rheumatic, tuberculous, or urcmic pericarditis, much larger 
pericardial effusions are usually necessary to produce circulatory 
failure Indeed, effusions of more than 2 liters have been observed 
m which there were no indications of obstruction to the circulation, 
even though there was compression of the left lung and other 
adjacent structures The reason is that when the fiuid accumulates 
slowly, tile pericardium stretches and there is little rise m mtra- 
pcncardial tension 

Structures Compressed by Pencardial ESusioa and the Besultant 
Symptoms —1 he parts most susceptible to compression by a peri- 
cardial effusion arc naturally those in winch tlie pressure is least 
and the walls thinnest i <?, the great veins and auricles The sites 
of compression are determined by the distribution of the effu- 
sion Curschraann,'® Willtaroson,** and otliers showed that a free 
pericardial effusion accumulates first along the lower margin of 
the heart and about the apex especially along the diaphragmatic 
surface of the heart In accord wiUi tins, Elias and I ellcr** found 
that an accumulating pericardial effusion first compresses the inferior 
\ena cava, as well as the mouths of the hepatic veins when, as is 
of ten the case, the latter empty mto tbe mferjor \ ena cav a partially 
above the diapliragm Tlie effusion also tends to push tlie left 
lobe of the hver downward and, according to Elias and Teller, 
compress the left hepatic vein where it runs within the substance 
of the liver close to the diaphragm and parallel to that muscle 
Elias and Teller found that m such pericardial effusions the com- 
pression of the hepatic veins is often more significant than that of 
the vena cava with its wide lumen, and consequent large factor of 
safety, the result is that swelling of the hver and perhaps ascites 
develop before there is edema of the lower extremities However, 
initial palpability of the hver m pencardial effusion may be due 
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to dowTO\ard displacement as well as engorgement, tenderness 
speaks for the latter In such cases with hepatic engorgement, the 
territory of the superior %ena cava may be unaffected, as re\ealed 
by absence of engorgement m the cer\ ical veins and normal pressure 
in the antecubital \ ems 

With larger effusions, the auricles, the superior vena cava and the 
pulmonary \eins are also compressed There is djspnea, orthop- 
nea, c>anosi3, and edema, m addition to the above-mentioned 
consequences of portal congestion The cervical veins are swollen 
and the \ enous pressure m the upper extremities is elevated Often 
there is strikingly little pulsation m tlie cervical veins in comparison 
to their severe engorgement, much less than when the venous stasis 
13 due to right heart failure with its frequent relative tncuspid 
insufficiency Likewise, the enlai^ed liver does not pulsate Evi- 
dence of the compression of the superior vena cava may be afforded 
by swelling of the face, especially in the morning, so that the 
patient comes to leaemble a sufferer from Bnght’s disease, such 
swellmg of the face hardly occurs m the dropsy of right heart failure 
Harely, the compression of the superior v ena cav a produces svv elling 
of tlie neck like that of the collar of Stokes m mediastmal tumor 
Often, as Elias and Feller point out, there is little evidence of 
pulmonary stasis, m contrast to the severe engorgement of the 
territories of the vente cavte and the portal vein, basal rales are not 
audible and the roentgenogram reveals clear lung fields The 
explanation probably is that the compresaion of the right auricle, 
\en® cavce and hepatic veins allows so little blood to enter the 
pulmonary circuit that there is no stasis in the lungs despite con- 
siderable compression of the pulmonary vems and left auncle 
But m other instances, severe pulmonary engorgement develops 
with agonizing dyspnea and orthopnea, evidently the compression 
of the left auncle or pulmonary veins is dominant The orthopnea 
IS manifested not only by the patient sitting up but also most often 
by bending fonvard, in which position the fluid presumably tends 
to gravitate against the anterior chest wall and away from the 
vulnerable auricles and great veins Cases have repeatedly been 
described m which this position was grotesquely exaggerated so 
that the sufferer assumed the knee-chest position {stgne de la pnere 
mahometane of the French), and I have seen one such patient who 
was promptly relieved by paracentesis Compression of the left 
lower lobe and pressure on the left bronchus may also contribute 
to the dyspnea The heart sounds are often distant as a result of 
the fluid and there may be embryocardia On the other hand, 
gallop rhythm does not result from pencardial effusion The pulse 
is rapid and small , rarely , pulsus paradoxus is present 1 he sy stolic 
and pulse pressures are usually somewhat decreased The electro- 
cardiographic changes which are frequently present may include 
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low \ oltage of the Q-R-S eoinpltxes and cle\ ation of the RS-T mter- 
\als culminating sometimes with improvement in inversion of the 
T waves (e/ Oppcnheirncr md Mum,** Master*® Barnts*) Ihe 
pathogenesis of tlie tltctrocatdiographic changes accompanying 
pericardial effusion are not dear, subepicardial myocarditis and 
mechanical interference with the coronary circulation as a result of 
high intrapcricardial pressure may be concerned 

When the mtrapencardial pressure rises rapidly, notably in 
hemoptricardmm and purulent pericarditis the picture is charac- 
teristic and alarming Orthopnea is severe, cvanosis deep, the hands 
cold, the cervical veins swollen but scarcely pulsating and the 
arterial pressure drops sharply vvitJi a small })ulsc pressure In 
extreme inatanccs, the radial pulse may be impalpable Such find- 
ings call for immediate paracentesis 

Long standing Compressloa of the Heart by Fenc&rdial Effusion. 
Fischer'* lias reported a case m winch t>tab wounds m the cardiac region 
were followed by heart failure with hydrotliorax and ascites Wien tl e 
man succumbed six niontlis later the pericardium contained 2100 ce of 
old bloody fluid and the heart was vciy small and evidently shrunken 
Fisclicr termed tins state clironic tamponade of the heart The condi 
tiou 13 evidently very rare but knowlMge of its oxi<itauce is important 
for paracentesis would probably be effective 

CONSTRICTIVB PERICARDITIS 

Adhesion of tlie two surfaces of the pcricirdiuin docs not neces 
sanly add to the burden of the heart, and is often discovered at 
necropsy in the aiiscnce of cardiac hypertrophy or dilatation m an 
individual whose circulation was impeccable Such observations 
led Laennec** and some of his Itadmg contemporaries to the recog 
mtion that adhesive pericarditis is often of little clinical sigmfi 
cance But there are also instances m which chronic productive 
inflammation of the pencardium with or without associated mtJtli 
astimtis results in sev ere circulatory failure Sometimes recogni 
tion that the circulatory failure is due to pericardial and mediastinal 
induration is difficult, but in otJier cases tlie diagnosis is relatively 
easy Detection of the condition has become most important m 
recent years because of the remarkable tlicrapeutic results often 
attained by surgery 

Chronic productive mllammation of the pericardium and sur- 
rounding inediastmum due to tuberculosis or other cause may 
hamper the circuhtion m one or more of three ways 

1 Fixation to the Sunoundmg Structures —The heart may be 
firmly fixed to the surrounding structures— notably the anterior 
chest wall, diaphragm, lungs, aorta, and spmal column— by inex 
tensible bands of connective tissue Normally, when the heart 
contracts, the space is filled in by expansion of the lungs The 
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work required of the heart to draw the lungs with it in sj stole is 
negligible But when the heart is fixed over broad areas to the 
chest i\all, the diaphragm and the spine, the lungs are pre\ented 
from filling in the space \acated dunng s> stole and traction is 
exerted on the structures to uhicli the heart is attached Since 
the spine is immobile, it senes as a fixed point, and there is systolic 
retraction of the cheat ivall and the diaphragm at points determined 
by the site of the adhesions Broadbent's sign is due to traction on 
the diaphragm, i\hich causes a pull on its attachments The fixa- 
tion of the diaphragm and the chest wall to the pericardium not 
only increases the work of the heart directly but also hampers inspi- 
ration and decreases the respiratory aid to the venous return to 
the heart For the heart to draw with it the above-mentioned 
structures obviouslj entails considerable increase in the work per- 
formed with each sj stole The consequence is hypertrophy and 
dilatation of the chambers implicated, and when this occurs over a 
long period in joung individuals an enormous heart may be the 
outcome Usuallj , both sides of the heart participate m the hj-per- 
trophy and dilatation, but either may be predominantly affected 
Of the three mechanical pathogenetic factors m the circulatory 
failure of mediastmo pericarditis, fixation to the surrounding struc- 
tures IS the only one which leads to an increase m the work of the 
heart and thus to enlargement of the organ 

Formerly, fixation to the surrounding structures was regarded as 
the usual mechanism through which adhesive mediastmo-pericardi- 
ti3 produces circulatory failure But the more intensive study pro- 
moted by the development of surgical treatment has shown that 
cases m which this mechanism pr^ominates or is even significant 
are \ ery rare 

2 Constnction of the Great Veins — \Vhen scar tissue forms as a 
result of mediastmo-pencarditis, either vena cava or the hepatic 
V ems, if their mouths are supradiaphragmatic, may be constricted 
Such a process would lead to predominance of venous engorgement 
in one of the three territories mentioned But that tins mechanism 
IS rarely significant is shown by Burwell's* finding, m a considerable 
number of cases of indurative pencarditis, that the venous pressures 
m the upper and lower extremities were identical 

3 Incarceration and Constnction of the Heart —In recent y ears 
it has become clear that chronic mediastino-pericarditis interferes 
with the circulation chiefly, in fact most often solely, through 
mechanically hampering the diastolic relaxation of the heart as a 
result of contraction of scar tissue The process has become gen- 
erally known as consinclite pericarditis, and will be discussed in the 
follow mg sections 

Effects of Constnctive Pencardibs —As a result of chronic peri- 
carditis— be it of tuberculous, pnemnococcic, or other and usually 
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obscure etiology*— the two layers of the pericardium may become 
not only adherent to one another but enormously tJiickcned Less 
often, thickening of either or both layers occurs m tlie absence of 
wult-sprcad adhesion or -witli fluid between the layers The thicken- 
ing lb due to the formation of connective tissue, which becomes 
Ann and inextcnsiblc and in which extensive calcification may occur 
The pcncardmm baa been observed to be as much as 3 cm thick 
and of leathery or stony consistence Hie scar tis&ue may exlnbit a 
tendency to condensation and contraction, especially after the activ e 
inflarainatory process has subsidetl Tlie result is that the diastolic 
relaxation of the heart is mechanically limited, with corresponding 
diminution in the ability of the heart to increase its output or meet 
greater arterial resistance As the pericardium shrinks, the func- 
tional capacity of the heart decreases correspondingly until symp- 
toms of circulatory fulure appear even at rest The mechanism 
of the circulatory failure m mcarteration of the heart is beautifully 
illustrated by the observations of Bunvell and Strayhorn * In a 
patient with concrciio cordis, they found that the acceleration of 
the hcirt during exercise was not accompanied by increase m the 
stroke volume of tlie heart above the markedly subnormal value 
present at rest Evidently, even under the stimulus of exercise the 
thickened pericardium prevented increase m the amplitude of dias- 
tole so tliat the only remaining reserve was acceleration m rate 
The heart failure is thus a true hypoduutolu: failure due entirely 
to mechanical limitation m the amplitude of diastole In accord 
with tins conception of hypodiastolic failure. Beck* has found that 
the muscle fibers m the compressed heart are definitely smaller 
than normal, quite the opposite of the enlarged muscle fibers which 
are characteristic of the heart in hyposystolic failure 

Clinical Picture of Constrictire Pericarditis —Tlie typical clinical 
picture of constrictive pericarditis is what one would anticipate 
from a process which mechamcally impedes the filling and diastolic 
relaxation of the heart engorgement of the sysiemie veins and its 
consequences contrasting utih a hart that w not enlarged at all or but 
slightly so An outstanding characteristic of the systemic venous 
engorgement in a high proportion of the cases though not all, is 
tlie predominance of portal congestion documented by enlargement 
of the liver and ascites over the other consequences of venous over- 
loading The clinical picture may simulate Laennec’s cirrhosis 
more tlian, that of tlie common forms of heart failure For this 
reason, Friedel Pick*'' originally described the condition under the 

* It IS mtcrestuie and imporlanl aa Wbite has po at«d out that despite the 
frequency with nhch rheumatism producea pericarditis it is rnrely if ever con 
cerned in the Ecnesis of coiutneltre j?eneardUu Tuberculosis was the etiology m 
10 of 19 cases studied by Burwell and Blalock ’ a higher percentage than Bccms to 
obtain in Now York City In countnea where scurvy often occurs in adults this 
IS apparently an important cause of pencardul thickening— pericarditis scorbutica 
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name of “pencarditic pseudocirrhosis of the liver It is often 
known as Pick’s syndrome, though doubtless there have also been 
included under this name cases m which the ascites was not a 
mechanical result of heart failure due to constrictive pericarditis 
but resulted from true polyserositis with independent tuberculous 
or other inflammatory disease of tlie peritoneum 
The initial sjmptoms may not differ from those of the common 
forms of heart failure, such as dyspnea on exertion, swelling of the 
feet, weakness, or cough But sometimes the patient’s attention 
IS drawn to his illness by enlargement of the abdomen due to ascites, 
which in combination with engorgement of the veins of the neck is 
immediately suggestive of the diagnosis A point made by Burwell 
and Blalock^ is worthy of emphasis, namely, that the manifestations 
of systemic venous engorgement in constrictive pericarditis often 
remain relatively unchanged over long periods of tune 
The heart is normal m size or at most but moderately enlarged 
In White’s” 13 cases, the heart was normal m size m 7, slightly 
enlarged in 5, and moderately enlarged in 3 In the cases m 
which the teleoroentgenogram rev eals slight or moderate enlargement 
of the cardiac silhouette, the heart itself may not be enlarged at 
all, the augmented dimensions being due to enormous thickening of 
the pericardium Fluoroscopy most often, though not invariably, 
reveals definite diminution m the amplitude of the ventricular 
excursions, this is the more significant the smaller the heart The 
diagnosis may be aided by the demonstration of diminished pulsa* 
tions m the roentgen kyraogram (<rf Gubner et al ”) The roentgen- 
ray examination sometimes discloses pericardial calcification One 
may find that the heart is displaced little by change in position 
this is also the more significant the smaller the heart, but I have 
rarely found the maneuv er of definite aid in the diagnosis Most 
often the heart rate is accelerated The rhythm is usually regular, 
exceptionally, the auricles fibnllate As would be anticipated with 
an imprisoned heart neither the apex beat nor other impulses ate 
prominent Contrary to the hyposjstolic forms of heart failure, 
gallop rhythm does not appear Indeed, there are no auscultatory 
signs referable to the pericardial constnction The electrocardio- 
gram generally shows low voltage of the Q-K-S complexes and 
T waves in the limb leads, and there may be cove plane inversion 
of the T w aves (Sprague,** Cushing and Feil‘*) Increase m v oltage 
has been observed following successful operation Fixation of the 
electneal axis m different positions of the body has been desenbed 
as an electrocardiographic sign of mediastmo-pencarditis How ev er, 
it 13 at best equivocal evidence, Sunpson and Rosenblum** and 
France** have shown that there may be considerable shift of the 
electrical axis m patients with constnctive pericarditis and that, on 
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the other hamj, such sluft may be absent in patients without peri- 
cardial disease 

'ihc cardiac output is diminislied (Burnell and Blalock/ Stewart 
and Heuer**) Ihc former imcstigators found the cardiac output 
usually about 2 liters per luiuutc as contrasted with a normal of 
about 4 liters 

Tlie ann-to-tongue circtdattan time is markedly prolonged 

Ihe arterial pressure is generally somewhat depressed and the 
pulse pressure small There is usually pulsus paradoxus 

Pulsus Paradoxus —Decrease in tlic size of the radial pul<>c down to 
complete impalpability durinR in>piraUon was obscr\cd by Williatas** in 
a jntient with adhesive pericarditis Tins phenomenon of inspiratory 
weakening of tlic pulao m mediastmo-pencarditis was termed pulsus para- 
doxus by Kussniaiil>* because he observed it to occur while the heart con- 
tinued to beat steadily wiUi no respiratory variation Pul«us paradoxus 
in mcdiaslmo-pcricarditu is generally accompanied by the likewise ‘ para- 
doxical' phenomenon of swelling of the cervical veins dunng mspiration, 
whicli IS the reverse of the normal mspiratory emptying of these vessels 
Pulsus paradoxus in mcdiastino-pcncarditis has been variously explamcd 
Kussniaul attributed it to mediastinal bands which are tenseo dunng the 
inspiratory distention of the chest and Uien constrict the oorta Such a 
mechanism, if it occurs, must be a great rarity Wenckebach’^ considers 
the inspiratory weakening of tlic pulse to be due to fixation of the heart by 
adhesions to tlic anterior chest vvall the diaphragm, and tho vertebral 
column tlio result is that w hen tlicsc structures mov e apart dunng inspira 
tion, the lieart is subject to traction from various sides and its emptying 
hmdered Adhesions about tho great veins are often present, and m some 
cases these may be so tensed dunng inspiration as to uinunish the filling of 
the heart, such adhesions about tlic supenor vena cava w-ould explam the 
inspiratory distention of the cenncal veins 

Alarkcd pulsus paradoxus, especially when accomparued by inspiratory 
distention of the cervical v eins, is Eomclime^ a valuable aid m tlie diagnosis 
of mcdiastino-pcricarditis But it is by no means a constant sign and has 
indeed been absent in several of the coses Uiat 1 have seen Furthermore, 
inopiratory weakening of Uie pulse occurs in a variety of conditions other 
than mcdiastmo pericarditis Anatooucal |>eculiantics in some individuals 
lead to compression of tho subclavian artery between the clavicle and 
first nb when the thorax is elevated durmg deep inspiration, so that the 
radial pulse becomes smaller or disappears dunng this phase of respiration 
Tins form of puUus paradoxus has of course no pathological significance, 
and its existence can be demonstrated by showing that the m«piratory 
weakening of the pufse is present only with tfie upper extremity m certam 
positions What Wenckebach” terras the * dynamic" form of pulsus para 
doxus may occur in conditions such as laryngeal stenosis m which the 
negative pressure in the chest dunng mspiration is abnormally great and 
significantly opjxises tho ejection of blood from the heart Likewise, 
Wenckebach pomts out that in large intrathoracic tumors or pleural effu 
sions, the distending pull of the chest wall dunng inspiration is largely 
expended on the heart and vessels with tho result that less blood is dis- 
charged by the heart dunng this phase of respiration and paradoxical 
pulse appears An important characteristic of these dynamic forms of 
paradoxical pul«e due to greater native pressure in the chest dunng 
inspiration is that they are accompanied by inspiratory emptying of the 
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cervical veins— m diametric contrast to tlie inspiratory distention of these 
veins that accompanies the paradoxical pulse of mediastmo pericarditis 
Among other conditions mentioned by Wenckebach which may be accom- 
panied by paradoxical pulse are pericardial effusion, kyphoscoliosis and 
other thoracic deformities, gastroptosis with a low diaphram, cervical nb, 
and cases m -which the left ventricle has so thin a wall that fluoroscopic 
examination reveals inspuatory enlargement of the heart Accordmg to 
Katz and Gauchat,” the mechanism of the paradoxical pulse which some- 
times results from pericardial effusion, and which they observed to dis- 
appear promptly on tapping tlie effusion, is as follows Because of the 
effusion the respiratory variations in intratboracic pressure do not affect 
the intracardiac pressure as much as they do the entermg veins The 
result is that during mspuration tlie pressure gradient between the veins 
and the cardiac chambers is decrease, less blood enters the heart, and 
the pulse becomes smaller 

The tenons pressure is elevated, and maj exceed 25 cm of water 
What is sometimes \erj charactenstic in the cases with incarcera- 
tion of the heart is that the venous pressure remains high even 
during the periods when the patient feels relatively well and is able 
to be up and about, a phenomenon which indicates that the venous 
engorgement is the result of a mechanical impediment to blood 
flow In a recent obscure case, the diagnosis of pencarditic incar- 
ceration of the heart, subsequently verified at operation, was estab- 
lished largely on the basis of a venous pressure fixed at a level 
of about 20 cm for weeks despite relative subjective well being 
Dilatation of the superficial veins of the anterior surface of the 
chest and abdomen may indicate the development of collateral 
circulation An important charactenstic of the swollen cervical 
veins m mediastino-pencarditis is that they present little or no 
pulsation, and that the ventncular form of the venous pulse is 
absent— an important differential from the relative tncuspid insuffi- 
ciency of other forms of heart failure 

The sev erity of pulmonary engorgement \ aries greatly In some 
of the cases with recurrent ascites, dyspnea is absent at rest or ev en 
while walking on the level, there is no orthopnea, auscultation of 
the lungs discloses no congestive rales, and the lung fields in the 
roentgenogram reveal no evidences of engorgement The sharp 
contrast between the absence of pulmonary engorgement and the 
swollen sjsteraic veins and liver is sometimes of diagnostic aid 
But there are also patients with marked dyspnea, orthopnea, and 
the physical and roentgen evidences ol intenseipulmonary engorge- 
ment Apparently, in these instances, the pericardial adhesions 
embarrass the left side of the heart more than the right, or there 
are constricting bands about the pulmonary v ems 

Of the other manifestations of circulatory failure, cyanosis is 
variable, it is rarely extreme and often completely absent In the 
cases with longstanding hepatic engorgement and the Pick syn- 
drome, faint cj anotic icterus (page 258) may occur Subcutaneous 
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edema is likewise \arnble In some instances, there is marked 
edema of tj^pically cardiac distnbution But what is of especial 
importance is that in the Pick sjiidromc with recurrent ascites and 
enlargement of the Iner, edema of the lower extremities may be 
entirely aliscnt or mimraal In some of tlic cases, puffiness of the 
face, especially m the morning and simulating the edema of Bright’s 
disease, maj occur, it is presumably due to implication of the 
superior %etia cava in the mediastino-pcncarditis Pleural transu- 
dates arc common 

Ascites and Enlargement of the Liver —In most instances 
copious and recurrent ascilcs dominates the clinical scene Only 
rarelj, if e\er, is abdominal transudation absent throughout Not 
uncommonij , in contrast to other forms of heart failure, the ascites 
exists in the absence of edemn of tlic lower cictrcmities The initial 
complaint is often due directly to the peritoneal effusion, the patient 
suffers from abdominal distention or oppression and notices that 
his abdomen is increasing in size The ascites recurs, sometimes 
over a period of many years, 1 patient was tapped 301 times, and 
I saw a case m whicli a total of some 350 liters were removed In 
cases passing as “cirrhosis of tlic liver ’ in which repeated tapping 
has been earned out for a period of over a >ear, one does well to 
searcli carefully for evidences of constnctive pericarditis 

1 he hv cr IS palpably enlarged, and may be \ cry massiv e and firm , 
the edge may be either sharp or roundcil The spleen may also be 
palpable and firm Examination of the abdominal v iscera at post- 
mortem may rev cal a characteristic picture The peritoneum, espe- 
cially in the upper abdomen, is usually thickened to a \ ary ing degree 
The peritoneal thickening is often best marked o\ er the liver so that 
tlie organ is enclosed m a thick, tough connective-tissue sheath— 
the ic^ liver {Zuc^ergimlebcf} of Curschmann “ The liver is gen- 
erally enlarged and firm In some cases of long duration the liver 
shrinks to almost a normal, or rarely even a subnormal, size The 
cut section may or may not present the nutmeg appearance of 
chronic passive congestion In some cases there is considerable 

cardiac cirrhosis’ (page 252), but m others there is surprisingly 
little connective tissue witbin the organ despite tlie fact that 
ascites has recurred for years The aplecn is generally enlarged and 
there may be perisplenitis similar to the change m the capsule of 
the liver 

The ascites and enlargement of the liver are doubtless due to tlie 
systemic venous engorgement resulting from tlie constrictive peri- 
carditis This conception was maintained by Pick m his original 
coramumcation, but later some clmicians regarded the thickening 
of the peritoneum and ascites as manifestations of independent 
inflammation of the pentoneum (c/ Kclly^ for tJie older literature) 
However, the production of the asates by the mechanical obstruc- 
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tioa of the thickened pericardium would appear to ha^ e been pro\ ed 
beyond cavil by the disappearance of the peritoneal effusion follow- 
ing successful surgical removal of the pencardial impediment 
"Moreover, Flesch and SchlossbeT^er“ and Beck* have produced 
obliteration and thickening of the pericardium by the injection of 
irritatmg substances mto the pencardial cavity of animals, with a 
resultant picture simulating the Pick syndrome, including ascites 
The thickening of the capsule of the liver and other parts of the 
peritoneum which older investigators considered as evidence of 
independent chronic peritonitis may well be, as indicated by Pick 
and maintained by Volhard,** a consequence of engorgement and 
ascites of very long duration, moreover, it is not present m all cases 
It should also be remembered, m tins connection, that when a 
transudate has been present for a long time, it tends to assume 
the high specific grav ity and other attributes of an e^date 

The foregoing description is concerned with constrictive peri- 
carditis, m which the ascites is a mechanical consequence of the peri- 
cardial disease There arc also cases, tliough they appear to be very 
rare m New York City, m which adhesive pericarditis and peritoneal 
effusion are parts of a polyserositis (sometimes called Concato’s 
disease), the ascites being of inffammatory origin and not a mechani- 
cal consequence of mediastino-pencarditis Such a state of affairs 
obtams in some tuberculous patients, especially in children, where 
tubercles of various ages are found on the peritoneum In some of 
these instances of association of tuberculous pericarditis with ascites, 
Hutinel” and other French clinicians have found tuberculous cir- 
rhosis of the liver (arrhose cardio-iuberculeuse) , this is apparently 
rare and I hav e not encountered it Cases of polyserositis of other 
than tuberculous, and as yet obscure, etiology also occur, but are 
very rare 

How constnctive pencarditis produces enlargement of the liver 
and ascites m the absence of notable edema of the lower extremities 
is a puzzling question It is not through the intermediacy of 
periportal cirrhotic changes in the liver, for these are not marked 
and may be entirely absent In a number of mstances, compres- 
sion or kinking of the mtrapencardia! portion of the infenor vena 
cava by the pencardial scar has been observed, but it is not evident 
why this should cause isolated engorgement of the liver and portal 
territory Implication of the mouths of the hepatic veins, when 
they empty into the vena cava above the diaphragm (Hasse*®), 
would offer a plausible explanation, but, while some suggestive 
observations are cited by Elias and Feller,** actual evidence is 
lacking Wenckebach’* believes that diminished mobility of the 
right half of the diaphragm, due to mediastinal and pleural adhesions, 
mlubits the inspiratory “squeezing out” of the liver and thus pre- 
disposes to portal engorgement, but this is merely a hypothesis 
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It seems e\ulent that the actual mechanism through winch mcdias 
tmo-pcncarditis causes recurrent ascites m the absence of edema 
of the low er extremities is as ) ct obscure 

DEFICIENT FHUNQ OP THE HEART DUE TO TACHYCARDIA 

Acceleration of the heart rate may so shorten diastole as to allow 
insufficient time for the filling of tiie ventricles w itli resultant circii 
latory failure The relations between the rate and the output of 
the heart have been discussed on page 294 Iherc it is pointed out 
that the output of the heart increases jwn pajsu witli the rate up 
to a limiting rate determined by various factors bejond which 
further acceleration results in ilccrcasc in cardiac output 

A entncular rates which abbreviate diastole enough to diminish 
diastolic filling significiiitly may occur m parovjsmal taclijcanlia 
auricular flutter and auncuhr fibrillation However in auricular 
fibrillation and flutter the npid rate of the auricles is most often 
accompanied bj sufficient depression in aunculo v cntricular con 
duction to reduce the ventricular rate to one at which it is not 
probable that the Icngtli of diastole is made(|uatc for ventricular 
fillmg hlorcovcr continuous auncular fibrillation most often 
occurs m patients with m>ocardial msufficiencv and elevated venous 
pressure so that filling is accelerated It is m paroxvsmal tadi) 
cardia and auricular flutter that one is more likel> to encounter 
abbreviation of diastole sufficient to interfere stnousl) with ven 
tncular filling 

Heart Failure m Paroxysmal Tachycardia —In paroxysmal tachv 
cardii the ventricular rate rises abruptly to between 120 and 220 
per minute sometimes even more liic npid cardiac action lasts 
from a few moments to davs rirelv weeks In tlie vast majority 
of sucli attacks even with rates above 200 there are no signs of 
circulatory failure an 1 the patient s symptoms are those due directly 
to the rapid heart iction such as fiuttenng m the chest or neck or 
a vague sense of uneasiness [Krlups due to consciousness of the 
hearts action But m exceptional instances evidences of circula 
tory failure dev elop These are of two ty pes 

1 Symptoms of Inadequate Blood Flow Due to Decrease in the Output 
ol the Left Ventricle —How marled such decrease may be was 
shown by the measurements of Barcroft Bock and Houghton' 
which revealed that during an ittack of paroxysmal tachycardia 
the cardiac output fell to about 33 per cent of the previous value 
llie most important symptoms of arterial ischemia are those due 
to diminution m the blo^ flow to tlie brain Most often tliese 
consist merely in giddiness or faintness that is promptly reliev ed 
by reclining Rarely loss of consaousness various focal cerebral 
phenomena convulsions or Cheyne-StoLcs breathing develop The 
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pallor of the skin that is so often present is probably due to periph- 
eral \ asoconstriction induced by Ae diminished output of the heart 
and tending both to maintain the arterial pressure and to di\ ert a 
larger fraction of the small cardiac output to the \ital organs 
Despite this probable vasoconstriction, the arterial pressure often 
falls moderately, rarely even considerably * The pulse pressure 
falls more than the systolic pressure, because the diastolic tension 
IS depressed but little or not at all, and may actually rise One 
factor which militates against fall m diastolic pressure is the short- 
ening of diastole, which allows less time for the arteries to empty, 
and another element may be the compensatory vasoconstriction 
mentioned above As a result of the minute stroke volume due to 
the rapid \ entricular rate and the small pulse pressure, the radial 
pulse may be nearly impalpable or merely a slight undulation 
despite a sj stolic arterial pressure of 90 mm of mercury or more 
and tolerable well-being of the patient 
2 Consequences of Venous Engorgement — \Mien venous engorge- 
ment develops, it is almost always conhned to the systemic veins, 
as emphasized by Wenckebach,’’ severe pulmonary congestion is a 
rarity Apparently, the diminution in filling of the nght ventricle 
results m so little blood entering the lesser circulation that tJie left 
ventricle cau master it despite the short diastole Nevertheless, 
there are rare instances, as one cited by ^^enckebach, in which the 
left side of the heart constitutes a locus minoTu resisientix m conse- 
quence of mitral stenosis, hypertension or otlier previous disease, 
so that an attack of paroxysmal tachycardia results in pulmonary 
engorgement or even edema of the lungs The most common 
manifestations of venous engorgement in paroxysmal tachycardia 
are swelling of the systemic veins and liver with rise m venous 
pressure These usually develop only after the attack has lasted 
for several days However, especially if there has been previous 
motor weakness of tlie heart, the liver may descend almost to the 
level of the umbilicus within a few hours and become very tender 
Cyanosis of the lips and finger tips may contrast with the general 
pallor of the skui Dy spoea is rarely marked, pteaumably because 
of the infrequency of pulmonary engorgement 

Two signs which under other circumstances are indicative of 
grave circulatory failure do not have this significance with the rapid 
heart rates of paroxysmal tachycardia, namely, embryocardia and 
pulsus alternans Ihey are merely manifestations of the rapid 
heart rate Is or do occasional large waves in the veins of the neck 
exiiress heart failure, as pomted out by l\enckebach, they result 

* Uonever id some episodes of paroxysmal tachycardia the blood pressure rises 
during the attack I have observed this in tno attacks m one patient Whether 
the elevation m arterial tension nas due to increased cardiac output or to > aso- 
constriction was not evident 
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from overlapping of auricular and ventricular systoles due to the 
shortness of dnstolt 

Pathogenesis of Heart Failure in Paroxysmal Tachycardia —Two 
factors may be concemul m tlic production of heart failure m 
paroxysmal tachj cardia, namely, insufficient filling of the heart due 
to the shortness of diastole, and fatigue of the myocardium /Vn 
indication of which of these factors predominates in a given case is 
afforded by the size of the heart, for insufficient filling tends to 
decrease the volume of tlic heart and myocardial fatigue to enlarge it 
Further comparative studies of tlic size of the heart during and 
after episodes of heart failure in paroxysmal tachycardia are needed 
to determine the relative sigmficanccof the two pathogenetic factors 

It was long ago observed (Hoffmann'*) that the heart often does 
not enlarge even in prolonged attacks of paroxysmal tachycardia, 
and more recent roentgcnograpbicobsenation (Vaquezand Bordet’^ 
and others) have shown that it may diminish m size Absence of 
cardiac enlargement wliile heart failure exists has been observed, 
revealing the significance of dccrcaseil filling m the causation of 
the cardiac insufficitucy Moreover in these cases in wbicli the 
symptoms of circulatory failure develop soon after the onset of the 
abnormal rhythm, and m which the heart is functionally competent 
between the attacks, it would appear probable a pnon, tliat insuffi- 
cient fillmg of the heart is the sole or prulommant patliogenetic 
factor 

In other episodes of paroxysmal tachycardia, the appearance of 
symptoms of heart failure is accomponitd by demonstrable enlarge- 
ment of the heart, which rapidly recedes after the attack is over 
This is most often the case when heart failure first appears after 
the attack has lasted several days However Kalilstorf" observed 
enlargement of the heart as early as two hours after the onset of 
a paroxysm of auricular flutter Dilatation of the heart is more 
apt to result during paroxysmal tachycardia in individuals who 
bav e manifest structural disease of the heart, but may also occur 
m those in vv hoin a cardiac lesion is not ev idcnt The dev elopment 
of cardiac dilatation reveals myocardial fatigue Considering the 
marked abbreviation of the rest period of the heart m paroxysmal 
tacliycardia, and the increased oxygen consumption of the heart 
muscle at rapid rates (page 295), it n, surprising that myocardial 
fatigue and consequent dilatation are not more common during the 
attacks Perhaps the explanation lies partially m the lessened work 
that the heart is called upon to perform because of tlie diminished 
filling Deatli from circulatory failure during an attack of paroxy s- 
mal tachycardia is very rare, I have not witnessed it According 
to Hoffmaim, fatal circulatoiy failure probably occurs only m the 
presence of manifest disease of the heart muscle 
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PnUPIILIlAL CIRCUMTOIIY FAILURE .\ND SHOCK 

EM,ny phjiiciaii is only too \teU acquainted witli a sjniptom 
comp/e’C wJiicJi lias been Lnonn smcc the bepinning of the nine- 
tcentU centurj as ^hock.* It is cliacactenzed by weakness, pallor, 
profuse perspiration, feeble or impaljiablc pulse, and cold extrem- 
ities Ihc sjniptom complex occurs under a great variety of 
circumstances following trauma, oiicration or hemorrhage, com- 
pile iting tlic infectious fevers, os a prompt sequel of rupture of an 
abdominal or thoracic viscus, at the onset of mjocanhal infarc- 
tion due to coronary tlirombosis, m pulmonary embolism, as the 
result of intractable vomiting or diarrhea, in acute pancreatitis, 
after extensive burns, m hc.it stroke, as a manifestation of anaphj- 
laxis in duhctic acidosis, in the crises of Addison’s disease, and 
in man> other conditions Whatever the illness, the temimal 
picture \8 mosrt often tlut of shock Formerly, the word shock 
was hrgdy confined to the above-mentioned symptom complex 
when It occurred after trauma or operation— so-called surgical 
shock 1 h It the sauie symptom complex occurs under many otlicr 
circumstances has onl> rcctntl> been appreciatul, and Atchle>* 
Ins spoken of "medical shock ’ 

Needless to sav, the clinical manifestations of shuck are not 
identical in all these variegated conditions Nevertheless what- 
ever the circumstances m which shock develops, certain fundamental 
features are alwavs present which testify to tlie existence of a 
basicallj identical disturbance in tlic dynamics of the cu'culation 
It will be seen below that (ftw disturbance in circulatory dynamics 
common io all vancUa of shock is a diminution m cardiac output 
uhich results in inadeijuale blood flow to at least a large jiart of the 
body 

To repeat shock is a purely clinical concept born at the bedside 
which arose from the need of the practitioner to designate an aggre- 
gation of svraptoms— weakness, pallor, cold extremities, profuse 
sweating and feeble pulse— which he encounters as the dreaded 
result of various diseases Long after the clinical conception of 
shock had become a part of bedside thinking, investigation estab- 
lished that the sjmptom complex results from inadequate cardiac 
output The connection between the deficient cardiac output and 
the sjmptoms of shock is twofold 

* Accordine to Grocomeen >* m whose monosraph copious historical dsta sre 
atulable James Lata in 1705 waa the first to use the word shock m its currenl 
medical connotation 
(616) 



PERIPHERAL CIRCULATORY FAILURE 617 

1 The primary cause of the sjmptoms is the decreased blood 
flow to the various organs which is an immediate result of the less- 
ened cardiac output 

2 The decreased cardiac output calls forth (probably reflexly) 
a vasoconstriction which is most marked in the extremities, the 
skin, and perhaps the kidneys This selective vasoconstriction 
produces a redistribution of blood with a larger fraction of tlie 
small cardiac output going to the heart brain and other immediately 
vital parts of the body This redistribution of blood favors the 
sur\ ival of the organism, but it results m relativ ely greater ischemia 
of the extremities, skin and certain other parts than would be the 
case if the selective vasoconstriction did not occur 

Shock IS thus the state which results when the volume of circula- 
tion becomes grossly inadequate for the needs of the body Mech- 
anisms are tlien brought into play which produce vasoconstriction 
in the limbs, skin and various glandular organs (page 631), and thus 
divert almost all the small cardiac output to the most immediately 
vital organs of the body Figurativ ely speaking, shock is a retreat 
o/ Ifte circulalion, the orffanism abandons Us outposts in the extremities 
to protect its capital in the central nertous system, heart, and other 
immediately vital organs 

On the basis of the origin of the decrease m cardiac output, 
two mam varieties of shock are to be differentiated 

1 Shock due to heart failure of acute origin or intensification— 
cardiac shock The outstanding examples arc seen m the acute 
left heart failure of coronary thrombosis and tlie acute right heart 
failure of pulmonary embolism 

2 Shock due to disturbances originating in the periphery of the 
circulation— shock, or shock due to peripheral circulatory 
failure 

Peripheral Circulatory Failure —The distribution of the cardiac 
output to the various organs and tlie return of blood to the right 
auricle are effected through numerous and complicated mechanisms 
As could be anticipated these mechanisms may be disturbed m a 
variety of wajs, with the result that the blood which is pumped 
by the heart is not adequately returned to this organ Since, so 
far as is known, the heart functions only as a force pump and not as 
a suction pump, it cannot compensate for defects m the peripheral 
mechanisms which entail a deficient venous return, and the result 
IS an equal decrement m tbe cardiac output The term peripheral 
circulatory failure serves as a generic designation for circulatory 
failure originating m this fashion There are man} forms of periph- 
eral circulatory failure, they differ ui many respects but have in 
common the defining characteristic of deficient v enous return to the 
heart The latter in turn entails an equal decrement in cardiac 
output, and it is the s} mptoms resulting from tlie diminished v olume 
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of circulation that dominate tlic dimcal picture and arc collectively 
1 now n as shock 

Peripheral circulatorj failure with resultant shock occurs under 
numerous circumstances it is tloubtlcss of far more frequent occur 
rcnce than heart failure Indeed Henderson” pointed out that 
peripheral circulatory failure is the usual mechanism which ushers 
m death whatever the underlying cause But varied as are the 
circumstances which produce the sequence of peripheral circulatory 
failure diminished venous return decreased caidiac output and 
tlie clinical picture known as sliock or collapse they fall naturally 
and usefully into two great categories 

1 Ohgcmic in which the inadequate venous return is due to 
diminution m circulating blood volume 

2 Motor in which the inadequate venous return to the heart is 
due to alterations in the state of contraction of the vessels whose 
synergistic function is essential to the maintenance of the venous 
return It is possible that in some of tlicsc conditions a secondary 
element of oligemia enters as a result of increased permeability of 
relaxed capillaries 

The fundamental feature of the distinction is Uint in the one 
instance the circulatory failure is due pnmanlv to an alteration 
in the blood in the other to a change in the vessels 

Oligmie peripheral circulatory failure otciu-s under a great 
variety of circumstances The causative decrease m circulating 
blood volume may be due to extravasation of whole blood or to 
diminution in tlie volume of circulating plasma alone Peripheral 
circulatory f iilurc produced by loss of whole blood is seen m hemor 
rbage Ilecent investigations have shown that peripheral circula 
tory failure and shock due to diminution in circulating plasma volume 
occur under a wide variety of circumstances e g secondary trau 
matic surgical shock diabetic coma Addison s disease intestinal 
obstruction or vomiting of other causation and other varieties 
of tlehy dration 

In the motor form of peripheral circulatory failure the diminished 
v enous return is due to alterations in the state of contraction of the 
vessels or to deivevewcws«vtbieextra.\asculax avd%to vewnuscetum 
so tliat tlie blood is not propelled back to the heart in adequate 
quantity Most often it appears relaxation of certain of the small 
vessels so greatly increases their potentially enormous capacity 
that the surplus wluch returns to the heart is inadequate The 
circumstances in which this occurs are not as well known as are those 
of oligem c shock because tlicre is no single numerical criterion for 
defining them as is true of measurement of the circulating blood 
volume m oligemic shock However the almost instantaneous 
occurrence of the peripheral circulatory failure in so-cilled primary 
traumatic shock or following the perforation of a viscus indicates 
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that the cause of the deficient return must lie in the motor mechan- 
ism, since time is lacking for extravasation of sufficient blood 
The circulatory collapse ■which constitutes a danger in spinal 
anesthesia is also of the motor t>pe It remains to be demonstrated 
to what extent peripheral circulatory failure m the infectious fevers 
IS due to oligemia and howr far it results from motor insufficiency 
of the small v essels 

TOiatis here designated as the motor t>pe of peripheral circula- 
tory failure was formerly considered as practically alwajs due to 
relaxation of the arterioles However, it appears that the arterioles 
have been too universally incriminated in this regard Recentlj, 
Smith'®* and his associates {cf page 652) have shown that in the 
circulatory collapse of spinal anesthesia the primary pathogenetic 
factor is relaxation of the postartenolar vessels with resultant 
stagnation of blood in their capacious bed Likewise, Weiss’^® 
and his collaborators have found that when circulatory collapse is 
induced by the administration of sodium nitrite m the erect posture, 
the deficient venous return and resulting circulatory failure are 
also due to stagnation of blood downstream to the arterioles Indeed, 
there is good evidence that the relaxation of v enules is at least some- 
times accompanied by arteriolar constriction Doubtless, as time 
goes on, the motor form of peripheral circuHtorv failure will be 
further subdivided into varieties due to relaxation of the arterioles, 
capillaries, and venules Perhaps, also, as maintained bj Henderson, 
loss of tone of the skeletal muscles will be rev ealed as a significant 
cause of peripheral circulatory failure (page C29) It appears further 
that the circulatory collapse underlying anaphj lactic shock m some 
animals is due to spasm of the hepatic or other large v ems vv ith con- 
sequent trapping of blood behind the obstruction (page GO), whether 
analogous forms of circulatory failure occur in man remains to be 
determined 

In the following we shall first describe the general clinical pic- 
ture of shock as it is seen in peripheral circulatory failure Then 
the peculiarities of the individual forms of shock w ill be described 
m conjunction with a discussion of the pathogenesis of the underlj mg 
circulatory failure in the particular condition This will be done in 
the following order 

I Peripheral circulatory fadure and shock due to oligemia 
II Peripheral circul itory failure and shock due to motor dy s- 
function of the vessels 

III Cardiac shock 

IV Peripheral circulatory failure and shock in acute febrile 

infections These conditions are considered separately 
because little is known concerning the pathogenesis of 
tlie peripheral circulatory failure Moreover, the myo- 
cardium 13 often damaged by the infection so that there 
IS combined peripheral ami cardiac failure 
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THE CUNICAL PICTURE RESULTING FROM PERIPHERAL 
CIRCULATORY FAILURE (SHOCK) 

llie pitient m full blrtwii ihock lita flnt 111 bed often he is more 
comforttiblc iMthout i pillon Hit fute is pale ind the clietls 
are hollow I he lids art frequcntlv almost closet] 'iiid the cjtbills 
appear sunken m their sockets The state of consciousness \ anes 
grciitly Sancope nivj ushw in shock Man> pitients m se%ere 
shock quickly lapse into m apathetic skite indilTcrcnt to their 
surroundings and responding but slowlv and feebh to questions or 
otlicr stimuli On the other band there arc also numerous cases 
in which the victim is alert and consciousness is retained until 
dost to the end Such p itients ma> lie pulseless and } et uiiderst iiid 
everjthing that is said to them ind rtplj sciisiblj ifslowJj to any 
questions isked llie voice is often husk} or lioarsc Thirst is 
a common and often mcre.ismg compl luit but the p itient frequently 
vomits wh It he drinks Often though rcadil} roused tlic sufferer 
lies for hours or even divs with a vacant expression m his c>cs 
sccmmgl} cntircl} oblivious to his environment Scnsatioiima} be 
so dulled that the patient docs not complain t f i frightful wound 
the pain of coronary ihromlnisis or some other lesion that ordinarily 
evokes agoii} and iiia> do so after he has come out of shock In 
otlicr instincts of sliock the crethic form of tlie older dmicians the 
patient is cvcitcil and restless crying out and tossing about from 
one side of the bed to the other he in ly become incoherent or even 
maniacal \ common sequence of events is for the piticnt to be 
first restless and tlien become more and more torpid either ‘jponta 
ntously or under the lufiuencc of morphine ^^hl)e most mdiv iduals 
in severe sliock ire extremelj weak though nowhere paraljrcd 
and c in h irdl) r use their hand it is simctimes astounding how 
strong a practicalh pulseless patient proves to be when the effort is 
made to restrain him In fatal casts the duration of tlie final coma 
vanes from a matter of minutes to even davs m a pulseless state 

The j/ ill is pale e\ eu cadaveric The lips usuallv appear blood 
less but in other cases thej as well as the tip of the nose and nail 
beds are cj vnotic most often such cv anosis is gra\ ish The 
graj ish cj anosis m ly he widespread over the surface of the hody 
Drops of sweat can often he seen on the face and in the axillie and 
the perspiration may drench the bedclothes In severe shock 
tlie general pallor of the skin is often variegated by bluish red 
mottling tlie so-called cutis maniorata This ma> be wide)} 
diffused notably m acute pancreatitis or confined to the abdomen 
or another p irt The mottlmg is the expression of irregular filling 
of tiie superficial capillaries and suhpapillarj venous plexuses 
areas of dilatation and engorgement alternatmg with others in 
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^\hich the minute vessels are contracted or empty The skin 
feels cold and clammy, especially at the distal points of the cir- 
culation in the hands, feet and nose The turgor of the skin is 
often diminished in severe shock so that pinched up folds persist 
Ihe low temperature of the skin is especially pronounced when 
compared with the rectal temperature, a patient in shock with 
rectal temperature of over 102® F may have a cool skin and cold 
hands and feet On the other hand, if a hot water bag be applied 
to 1 cold part, it warms more rapidly and to a greater degree than 
in health, this observation testifies eloquently to the severe impair- 
ment of the temperature regulating function of the skm that results 
from peripheral circulatory failure 

Respiration is usuilly superficial and accelerated, often inter- 
spersed with sighing However, especially preterminally or under 
the influence of morphine, the breathing may be slow and so super- 
ficial as to be hardlj visible Feeble breath sounds and small 
moist rales often appear at the bases early in =hock Their origm 
IS obscure, they may bespeak atelectasis due to decreased pul- 
monary blood flow If such is the case, the bronchopneumonia 
which so often appears is due to s<‘condary infection of atelectatic 
lung 

The pulse is usually rapid, but ma> slow greatly m the terminal 
phases What is most characteristic however, is the low tension, 
down to impalpability Even in a fully conscious patient, one may 
not be able to feel the beat of any of the superficial arteries 

The blood pressure is almost alwa>s depressed and may be so 
low that no reading can be obtained by either the palpatory or the 
auscultatory methods Both the s>stohc and the diastolic values 
are affected, more or less proportionately, with ver> low sjstolic 
pressure, it is often impossible to obtain e\ en a rough estimate of 
the diastolic tension In a general waj, the height of the blood 
pressure parallels the general condition of the patient However, 
tliere are instances of otherwise characteristic shock — with pallid, 
sweating skin, cold extremities, and low venous pressure— m which 
the arterial tension is maintained for hours or even dajs at the 
normal level, or even higher m patients with pre-existent hjper- 
tension The fact that I hav e encountered such anomalous behav lor 
of the blood pressure especially m coronary thrombosis is perhaps 
because I have followed this condition more carefully than other 
states of shock, the same phenomenon was occasionally noted 
m wound shock during the World War The significance of 
the exceptional maintenance of arterial tension m peripheral 
circul itory failure is discussed below Observations were made 
during the World War indicating tliat the arterial pressure may 
rise above the normal before the fall which is so characteristic of 
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shock this 13 ipparently a consequence of arteriolar constriction 
m the extrcQUtica and perhaps dbevrhcrc (page 631) 
llie acceleration of tlie leart rate has alreadj been mentioned 
often the rate exceeds 140 beats per minute In so complex a 
disturbance it is difTicult to trace the pathogenesis of the tachj 
eardia It may be due to a reflex initiated by the low blood pressure 
in the aorta and carotid sinuses On the other hand the low 
pres urt iii Uie veins and aundcs would tend to slow the heart 
throui,h the mechanism of the Boinbridge reflex (page 29 j) There 
are actuaUj unuau \\ c-ises in which tlie heart heat is not quickened 
and it often slows terminally presumably as a result of anoxia 
of the pacemaker During the tachycardia tlie diastolic pause is 
abbreviated and the first sound loses its muscular quality so that 
It becomes almost identical witli the second sound The result is 
embrj ocardia of which perhaps tlie most exquisite examples arc 
heard in shock The sounds mi> be scared) audible Especially in 
coronary thrombosis butalsomotherformsof shock gallop rh> tlim 
may be present and probablj indicates that the peripheral circulatory 
fiilure has been complicated by mjocardnl weakness perhaps as 
a result of deficient coronary (low due to the low arterial pressure 
In accord with this conception I liave observed at necropsy of 
individuals who succumbed to penphera! circulatory failure (sur 
gical sliock vomiting) disseminated foci of m>oc^iaI necrosis 
sufficiently large to bo detected macroscopically the coronar) 
arteries were not stenosexl m these coses The heart is not enlarged 
m pure shock On the contrary there is every reason to behove 
that chanctcristically tlie heart dimmislics m size as a result of the 
deficient filling due to tlie small venous return I have had a few 
opportunities to see bedside films of patients in shock whidi seemed 
to indicate small hearts but of course such films are difficult to 
interpret because of the short distance from the cliest at vvhidi they 
are taken and m the absence of subsequent films taken vvitli the 
same technic for comparison Systematic radiographic studies on 
tins theoretically interesting jximt would be highly desirable but 
are difficult to carry out because of the precarious condition of the 
patients In shock produced expenmeiitally m animals the heart 
IS diminished in size I have repeatedly seen electrocardiographic 
changes bespeaking myocardial damage m patients with peripheral 
circulatory failure they presumably correspond to the above- 
mentioned ischemic lesions of the myocardium due to diminished 
coronary flow 

Iho superficial reins are collapsed This is often painfully 
evident when one attempts to put a needle m a vein The veins 
are very slow’ in filling wl en the hand is lowered below the level of 
the heart or when a tourniquet is applied and may not even then 
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become visible The \enous pressure is low and often amounts to 
only 1 or 2 cm of ^vater In severe shock, the blood may not rise 
at all in a manometer connected to a needle in an antecubital \ em 
This depleted state of the veins is perhaps the most characteristic 
feature of the clinical picture of peripheral circulatory failure, it 
should be carefully studied in every case, even though no apparatus 
for measuring v enous pressure is available, by observing the poor 
filling of the superficial veins of the upper extremity when tlie hand 
IS held below the lev el of the heart 

The pjipik are generally dilated in severe shock and react slug- 
gishly, if at all, to light ^N'here there has been considerable dehj - 
dration, the eyeballs are soft and sunken The tendon and super- 
ficial reflexes are diminished or abolished TOiile there is usually 
marked muscular asthenia and swallowing may be difficult, paral- 
j ses are not ev ident In the shock of coronary thrombosis, Friedfcld 
and the writer** found that the tension of the ccTehrospinal fluid is 
very low 

The urinary volume is diminished and the patient may become 
completelj anunc, catheterization jielding no urine Such urine 
as 13 passed is usually free of albumin unless some otlier cause for 
albuminuria is present The specific gravity of the urine is most 
often high and may exceed 1 030 But m other cases the concentra- 
tion of the urme is not as high as would be anticipated from the 
small urinary volume I have repeatedly observed low specific 
gravitj of the urme— sometimes fixed at about 1 010 or 1 012 for 
days at a time— despite a twentj four-hour urinary volume of 
only about 300 cc and marked elevation of the non-protein nitro- 
gen content of the blood Such coincidence of small unnarj v olume 
and low specific gravity of the urine is unequivocal evidence of 
impairment of renal function Presumably, the impairment of 
renal function is due to a cutting down of blood flow through the 
kidney, which results not only from the diminution m cardiac out- 
put but also from the arteriolar constnction in the peripheral organs 
that has been demonstrated in shock and doubtless includes the 
kidnejs (page 631) The impairment of the concentrating ability 
of the kidnej due to diminished blood flow in shock is presumably 
analogous to tlie hyposthenuria that occurs in some instances of 
severe and protracted anemia Phjsiological experiments show 
that the oxjgen consumption of the kidney is very high, and it 
seems plausible that when the supply of oxygen is limited because of 
decrease in blood flow or in the oj^gen-carrjing capacity of the 
blood, the ability to form a concentrated urine will suffer 

With marked ohguna and low concentration of the urine, and 
especially with anuria, there is retention of urea and other non- 
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protein nitrogenous constituents tn the blood I \ctptioii illy the 
non prottin nitrogen of tJic blcTod exceeds 100 uig per cent and 
rarely 200 ing per cent \ erj high ijolcmia is nsualb encountered 
in tliose eases m nhich the urinary output is cut donn not only as 
a result of the circulatory ilisturbinct. per se but also by severe 
vomiting or durrhea In such patients the chloride fixed base 
anvi tot vl clcctTol> tc content of llic blood in vy be markedly ilepressed 
by the cxtrareiial loss of salts (page 043) Doubtless increased 
destructum of protein favors, the azotemia in cists with high fever 
or cxteiisiv e tissue necrosis 

Icu/osw revedwl by decrease m the citbon dio\ide combining 
poll er of tlic blood is eoiiimon in slioek of any considerable duration 
In wound shock Cannon** found a rough parallelism between the 
alkali reserve ind the blood pressure ihc carbon dioxide coinbin 
ing I ower of the blood may fall as low as 20 volumes per cent but 
this IS usually iirctenmna! flic acidosis is prob ibly of complex 
causation Since it almost alwajs develops in severelj oligurie 
patients rend retention is concerned The decreased blood flow 
through tlic muscles liver an! other organs also plajs a part 
Ihe resultant diuiinislual oxjgtti delivery has tlie consequence that 
lactic acid and peril ips other intcnncdiaiy proihiets of metabolism 
ire not oxidized as completely as m Ik dth MacLeod’* found that 
tlic lactic acid content of the blood is increased in severe expert 
mental shock 1 urther the patients arc often unable to ingest or 
retain food atid starvation icidosis due to ketosis may be idded 
occasionally ketone bodies arc present in the urine In some forms 
of shock the fixed base of tlie blowl is depressed this being the 
cause of the circul itory failure (page 043) Henderson and Haggard ** 
considered tlie fall m blood alkali as compensatory to depression of 
the carbon dioxide content of tlie blootl resulting from liy pen cntila 
tion but m at least most instances of bumaii shock this factor does 
not stem significant In those varieties of peripheral circulatory 
failure winch complicate high mtcstmal obstruction or other condi 
tions with severe vomiting the loss of chloride la ly overcome the 
other factors and result in aValoaia 
Aloderate h jpergfyceiiiui is often present in shock it is perhaps 
a mamfestation of hypersecretion of epincplirm whicli is part of 
tlie methanicm for constricting the arterioles (page C28) 

The most constant effect of peripheral circulatory failure on the 
<ei iperaiure is is alreadv mention^ that the skin is much colder 
in relation to tlie rect il temperature than m healtli Perijiheral 
circulatory failure affects the internal Umperature in several ways 
The diiuinished volume of blood flow lessens Uie oxygen available 
for oxidations It is true that oxygen utilization is not diminished 
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as much as is the \oIume of blood flow, for a higher proportion of 
such oxjgen as does circulate is removed on each passage through 
the capillaries Aub and Cunningham* found m experimental 
shock that the oxygen content of the venous blood is greatly low ered 
and the arteriovenous oxygen difference increased The decreased 
venous oxygen saturation is often very obvious m human peripheral 
circulatory failure from the color of the blood obtained on vene- 
puncture Since, in the absence of pulmonary lesions, there is no 
reason to assume arterial anoxemia, the low oxygen saturation of 
the venous blood indicates a high artenovenous oxygen difference 
But this increase m the arteriovenous oxygen difference does not 
fully compensate for tlie decrease in volume of blood flow , Hender- 
son, Prmce and Haggard “ as well as Aub,* found that thefciwaf 
metaholism (oxygen consumption) is markedly lowered in severe 
experimental shock Such depression m oxidation is, of course, 
accompanied by corresponding decrease m heat production and must 
tend to lower body temperature The same is true of the increased 
evaporation due to the profuse perspiration of most patients with 
peripheral circulatory failure In some instances, hyperventilation 
may increase heat loss Exposure to cold after injury is sometimes 
a potent factor m lowering the body temperature On the other 
hand, the diminished blood flow through the skin revealed by the 
intense pallor must interfere with heat loss and tend to keep up the 
temperature The resultant of these factors vanes in different ty pes 
of peripheral circulatory failure In wound shock during the World 
War, where the victims were often out m the cold for considerable 
periods, tlie rectal temperature was characteristically low , instances 
of well below 95® F were observed HyTKithermia is also not rare 
in other forms of severe shock On the other hand if the primary 
disease is febrile, high rectal temperature may be maintained despite 
severe peripheral circulatory failure In myocardial infarction, the 
temperature may be high notwithstanding severe shock Such 
fever often dev elops in the absence of bronchopneumonia and has 
been attributed to the necrosis of the heart muscle I have been 
impressed— a point to which Levine’^ called attention— by the great 
difference between the cold skin and high rectal temperature m a 
number of instances of shock due to coronary thrombosis or intes- 
tinal obstruction, and it seems plausible that the inhibition of the 
temperature-regulating function of the skin due to diminished blood 
flow play 3 a significant part at least in accentuating elev ation of the 
intern'll temperature 

The volume and conceniraiion of the blood will be considered further 
on m conjunction with the pathogenesis of the individual forms 
of peripheral circulatory failure 
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I PERIPHERAL CIRCULATORY FAILURE 
AND SHOCK DUE TO OLIGEMIA 

An eiionuous advance m the understanding of shock has been the 
demonstration that most of the common forms result from a dim- 
inution m the circulating blood volume The problem of the patlio- 
genu>i8 of these forms of shock has thus been largely reduced to that 
of the mechanism of the oligemia Realization of the importance of 
oligemia in the patliogcnesis of peripheral circulatory failure and 
consequent shock uas hrst attained as a result of investigations 
during the first World War on the nature of the shock which so 
often followed wounds Jlost of what is known concerning the 
nature of shock m general is an outcome of these studies of trau- 
matic shock, which will therefore be considered first 

TRAUMATIC SHOCK 

Traumatic shock* presents the paradigm of penj)licral circulatory 
failure Following an mjurj, the clinical picture of shock just 
described is seen m its least adulterated fonn, complicated onl> by 
the local manifestations of the trauma Tlic latter, howcv er, may be 
displaced far into the background by the gravity of the circulatory 
failure Often, tlic wise phvsician devotes his attention almost 
entirely to the Utter, considering the wound, for the moment, 
solcl> from the point of view of its relation to the general condition 
of the patient 

Shock may develop imuiedwtcly after the trauma In other 
instances, it first appears after a htent jvenod of hours, sometimes 
the next day Cowell” termed these two varieties primary and 
secondary shock In war wounds, secondary shock was far more 
common than primary shock, indeed, from the experiences of mili- 
tary surgeons summarized m Cannon’s** book, it appears tliat pri- 
mary shock w 13 a rarity I do not think that the discrepancy 
between primary and secondary shock is equally great m civilian 
practice It is jirobable that tJie liigli incidence of secondary shock 
in military exiiericnce is due to the fact that the wounded man often 
bleeds slowly for a considerable period or has to be transported 
for a considerable distance m a stretcher exposed to cold, factors 
whicli bring on shock where it would be averted under the conditions 
of civilian jiractice It was observed during the World War that 
tlie frequency of shock diminished with, improvement in the means 
for transporting the wounded Observations were recorded of 
recovery from primary shock followed by the development of 
secondary shock Primary traumatic shock is discussed on page 651 

* For many details the reader is refeired to the classical monograph of Cannon ” 
based on extensive original investigation uid the recent lecture of Blalock is sum 
marixmg hia important contributions to the understanding of shock 
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Pathogenesis of Secondary Tramnatic Shock — ^luch of our 
knowledge of the nature of peripheral circulatory failure is derived 
from studies, especially during the World War, on secondarj trau- 
matic shock This work has ciystallized into three mam theories 
of the mechanism of the peripheral circulator} failure in secondary 
traumatic shock (a) Vasomotor paraljsis, (6) failure of the \eno- 
pressor mechanism, (c) decrease m circulating blood volume While 
each of these tliuones has autliontative adherents, the evidence in 
favor of the primary significance of decrease in circulating blood 
volume seems practically conclusive Tlie present status of the 
subject can perhaps be best elucidated b} considering each of the 
theories m turn 

Vasomotor Paralysis —Beginning wath the studies of Mitchell, 
Slorehouse and Keen“ during the Civil War, older clinicians almost 
universall} attributed traumatic shock to damage to the vasomotor 
apparatus The conception was that— m various wa}s according 
to the particular theory— the tone of the vasomotor apparatus is 
depressed with resultant relaxation of the peripheral blood vessels, 
m consequence, their capacity is so greatl} increased that little 
blood IS returned to the heart—* the patient bleeds to death within 
his own vessels ’ The theory was thus the same as that which, 
as seen below, probably applies to primary traumatic shock It 
was conceived tliat the most significant vasomotor relaxation 
occurred in the capacious splanchnic territorv Such a theory 
accounts verj well for the cardinal features of shock— the collapsed 
peripheral veins, the low arterial pressure, and the cold skin It 
also accounts for the similarities between the clinical pictures of 
shock and hemorrhage— in one case the ' bleeding" is into the 
capacious splanchnic vessels, in the other to the exterior 

Perhaps the best known theory of tbis gender is the kinetic theory 
of Crile,^^ developed over a period of forty jears He believes that 
the fundamental basis of shock is excessive stimulation of afferent 
nerves by physical trauma, pain, worr}, fear, or infection The 
stimuli call forth defensiv e responses bv the organism through the 
intermediacy of the central nervous sg/stem, the suprarenal glands^ 
and other organs If the stimuli are sufficiently intense and pro- 
tracted, the defensive mechanisms are eidiausted, which is mani- 
fested by shock It is on the basis of this theoiy that Crile intro- 
duced his well-known procedures for preventing surgical sliock 
by reducing the fear of the operation and the trauma of the operativ e 
procedure itself 

According to this tlieory, the circulatory phenomena which are 
at the basis of shock are due to the exhaustion of the vasomotor 
centers Available evidence, however, indicates that the vaso- 
motor center functions very well until late stages of secondarj 
traumatic shock The demonstration by Porter and Quinby** that 
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depressor reflexes can be chtited in an animal m shoclv sliowed tint 
tonic activitj of the xasoniotor center 13 present, for if the vaso- 
motor center were not functioning, it could not be depressed 
Purther cvidtnce of the presence of vasomotor tone in sliocked 
mimals was afforded bj the observation of Scehg luid Ljon*”* that 
section of a nerve is followed bj increase in blood flow through the 
part Moreover, Mann^* found tliat even in tlccp sliock, asjihyxia 
still produces a marked rise in arterial pressure— proof that the 
vasomotor center 13 able to increase its activit> m response to an 
appropriate stimulus Further studies have revealed that the tone 
of tlie vasomotor center is actually often increased until late stages 
of shock, for the peripheral nrtcnolcs are more constricted than 
prior to the onset of the shock Such investigations were carried 
out by Prianger, Gesell and Gasser," and by Catell " They esti- 
mated the vascular tone by measuring tlie rate of perfusion of salt 
solution introduced into the femoral artery of an ammal which 
had been thrown into shock by manipulation of the intestines, 
muscle injui^ , or other procedures 1 he rate of perfusion frequently 
increased as the animal went into shock and the arterial pressure 
fell, indicating that tlie penpheral vessels were constricted Only 
m the terminal stages did the rate of perfusion increase above tlie 
normal, showing tliat the> peripheral vc^s had relaxed, a phenome- 
non reasonably attributed to isclicroia of the vasomotor center 

Observations on secondary traumatic shock in humans are in 
accord witli these experimental ffndings The pale, cold skm indi- 
cates tliat tlie cutaneous arterioles arc not relaxed And observa- 
tions by various surgeons (Cannon") who operated on patients witli 
traumatic shock revealed that not only was splanchnic engorge- 
ment absent, but the viscera and peritoneum were pale 

It therefore seems clear that the vasomotor center is not exhausted 
and relaxation of tlie peripheral vessels is absent until tlie terminal 
stages of secondary traumatic shock The diminished venous 
return to the heart characterizing the penpheral circulatory failure 
of secondary traumatic shock is not due to relaxation and increased 
capacity of the small vessels, and one must look elsewhere for the 
cause 

Henderson’s Theory of Failure of the Veaopressor Mechanism — 
Ihe conception tliat the circulatory failure of shock is due, not to 
heart failure, but to inadequate venous return to the heart is largely 
an outcome of the brilliant studies of Henderson,” pursued through 
three decades That deficient venous return to the heart actually 
exists m penpheral circulatory failure would seem to be established 
by the low venous pressure On tlie other hand, Hendersons 
views on the pathogenesis of the deficient venous return have met 
with much opposition 

Henderson has applied the term venopressor mechanism to the 
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totality of the forces which, supcradded to what is left of the energy 
of the heart beat, ser\e to return the blood from the capillaries to 
the heart He belie\es that the circulatory failure of shock is due 
to weakening of this mechamsm In his earlier studies, Henderson 
attributed failure of the venopressor mechanism to acayma, t e , 
deficiency of carbon dioxide in the blood and tissues The con- 
ception, supported by much experimental work, was as follows 
Pam, fe\er, general anestliesia, and other moments which induce 
shock do so through the intermediacy of hyperventilation The 
hj'perventilatiou dissipates the carbon dioxide of the body As a 
result of the deficiency of carbon dioxide, the \enopressor mechan- 
ism functions poorly and the blood stagnates in the capillaries with 
consequent circulatory failure We will not go into the details of 
the e\ idence adduced in fav or of this hypothesis, because subsequent 
work (see Cannon” for a critique) showed that shock often occurs 
m the absence of hyperventilation, and can be produced experi- 
mentally despite the artificial maintenance of the carbon dioxide 
content of the blood at a high level Actually, tlie acapnia is 
probably a consequence of the circulatory failure due to the accumu- 
lation of lactic and other fixed acids as a result of decreased blood 
flow 

More recently, Henderson has arrived at the conclusion that the 
failure of the venopressor meclianism in shock is due to diminished 
tone of the musculature, both skeletal and smooth, that of the 
diaphragm being especially important He believes that the tone 
of the musculature is an important factor m the regulation of the 
venous return to the heart By thrusting a hypodermic needle 
into the middle of a muscle and allowing salt solution to run in, 
Henderson and his associates found that there is an internal pressure 
m a resting muscle of about 50 to 70 mm of water, which rises to 
90 mm or more when muscle tone is increased, and is absent when 
muscle tone is abolished Henderson believes that this intra- 
muscular pressure resulting from muscle tone plays an important 
part m /ofcmg the capiWaiy blood towartf the heart Further, he 
holds that the tone of the diaphragm and other muscles of respira- 
tion 13 an especially important part of the venopressor mechanism, 
for it helps in producing the negative mtrathoracic and positive 
intra-abdommal pressures, which aid the venous return to the heart 
In shock, according to Henderson, general muscle tone and hence 
intramuscular pressure as well as the function of the respiratory 
muscles are depressed, the consequence is that the blood stagnates 
m the periphery with resultant cuculatory failure Henderson 
does not specifically describe the cause of the diminution m muscle 
tone which he regards as responsible for shock, but states that under 
such circumstances as illness, surgical operation, and anesthesias, 



030 PERIPHERAL CIRCULATORS FAILURE AND SHOCK 


there is courdinatcd depression of mtisclc tone \uluinc of circula- 
tion and respiration 

The theory of Henderson is \eij intcrcstinp but direct evidence 
of Its validity Ins not jet bttn ptisetited It is tontciv vble that 
decrease in intnmuscuhr pressure m shock iinj be i consequence 
of an empty state of tlie intnmuscuhr blood vessels due to the 
diminution m circulating blood volume described in the next section 
Low intramuscuhr pressure would then be merely one of die 
3j inptoms of shock 

Decrease m Circulating Blood Volume —The presence of low 
attcnal and venous pressures m sccondarv traumatic shock immc 
dntcij suggests the possibilitv that the volume of blood in active 
circui ition is diminislicd 

That such is actually tlic case was shown during the INorld War 
bj the splendnl inv estig ilious of Keith ** Lsing Kcitli Rovvntree 
ind Geraghtj s dje luctliod for delctmining the circulating blood 
volume ho found that this volume as well us the circulating plasma 
volume was consistently reduced in soldiers suffering from wound 
shock The circulating blood volume ranged between 52 and Soper 
cent and the circulating plasma volume between f)2 tnd 00 per cent 
of the normil Keith furtlicr found that the diminution m blood 
volume bore a definite relationship to tlic sevcritj of the shock 
With recovery the blood volume returned to normil Keiths 
finiluigs have been confirinctl by all vvho hive studied the circulating 
blood volume in second try traumatic shock in man Gasser 
Erlangcr and Mcck^* and others hive investigated the circulitmg 
blood volume m exiicruncnlal traumatic shock in animals and 
found that it is also diminished Ihcrc can therefore be no doubt 
that diminuhon in circw/ahny bloo I rohiaie w o constant chamcicristic 
oj secondary Iraumatic shod Moreover the licst therapeutic results 
in traumatic shock have Ixen attuned bj transfusion and otlier 
measures which increase the circulating blood volume 

There is thus very strong evidence Uiat decrease %n circulaling 
blood vohime is directly responsible for ihe circulatory failure of secon 
darj traimatic shoc\ In the following we sliall first consider the 
effects of decrease m circulating blood volume on tlie circulation 
and tlien take up the problem of the connection betw ecu the traiuna 
and the oligemia 

Effects of Obgemia on the CirculatioQ —Diminution m circulating 
blood volume decreases the venous return to the heart to the evtent 
that it is not compensated bj acceleration m the velocity of blood 
fiovv However the conditions m traumatic sliock do not seem 
favorable for such comi>ensation Ihe increase m the velocity of 
blood flow could be mediated onlv through reduction m peripheral 
resistance by dilatation of the arterioles and we have seen tliat 
there is ample evidence that in secondary traumatic shock these 
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vessels are constricted until close to the end Direct evidence that 
the oligemia of se\ ere shock is not fully atoned for by more rapid 
blood flow IS afforded by measurement of the cardiac output in 
animals with experimentalli produced shock, which have revealed 
It to be grcatlj diminished (BIaIock“) \Vhjle I am not acquainted 
with measurements of cardiac output inhuman traumatic shock,* 
the other features of the circulation are so nearly identical with 
those of experimental shock that similar decrease in cardiac output 
IS doubtless present 

"Dtility oi Vasoconstnction m Shock —Perhaps tlie most important 
adaptation of the circulation to the diminished cardiac output thus 
resulting from the oligemia of traumatic shock is the peripheral 
vasoconstriction mentioned above Tins acts in two ways 

1 The diminished cardiac output, of course, tends to lower the 
arterial pressure To a certain extent, this is counteracted by the 
peripheral vasoconstriction It was mentioned above that m the 
initial stage of traumatic shock the arterial pressure ma> be main- 
tained or even elevated, evidently die vasoconstriction atones for 
the diminution m cardiac output But sooner or later the dimmu- 
tibn m cardiac output gains the upper band and the arterial pressure 
falls, though not to as low levels as if the peripheral arterioles were 
not constricted 

2 The peripheral vasoconstriction results m an alteration m the 
distribution of blood which is favorable to the survival of the organ- 
ism One of the means by which adequate blood flow to an active 
organ is provided is by vasodilatation m that organ and coincident 
vasoconstriction in other parts, with the result that blood is div erted 
from the inactiv e to the activ e organs The same mechanism appar- 
ently functions when the cardiac output is diminished by oligemia 
and tends to maintain a volume of blood flow through the heart and 
central nervous sjstem sufficient for the survival of the organism 
To aceomplisli this as far as possible, the arterioles m the extremities 
and splanchnic area are, as described above, constricted The 
result IS that a relativ cly high proportion of the diminished cardiac 
output IS diverted to the parts where it is most necessai^, i e , 
the central nervous system and heart 

The operation of these mechanisms is beautifully illustrated m 
experiments earned out by Gesell He found that even though 
a reduction of 10 per cent m the circulating blood volume of an 
animal did not cause reduction m arterial pressure, it did result m 
a decrease of 60 per cent in the blood flow through the submaxillary 
gland The diminution in blood flow through the submaxillary 
gland could have been due only to constriction of the vessels supply- 
ing it By thus cutting down the blood flow tlirough the peripheral 

* Ilonefer Freeman Shair and Sn}der*> b»ve demonstrated greatly decreased 
blood flow through the hand ut human autgical shock 
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organs disproportionately more than the circulating blood \ olume 
13 reduced, the twofold purpose is served of maintaining tlie arterial 
pressure and diverting blood to the more vital organs This is 
evidently what occurs m human traumatic sliock The reason 
that the cictremities of tlic patient arc so pale and cold, and tlie 
\cins so empty, is largely that the vessels of the periphery are 
constricted in tlic effort to divert as large a fraction as possible of 
tlie small cardiac output to the parts where it is most vitally needed. 

The protective accomplishment of peripheral vasoconstriction 
in oligemic shock is well brought out in Uie experiments of Freeman” 
and his associates Thej found that sympatJicctoniized dogs, who 
cannot effect such vasoconstriction, were unable to tolerate as 
large hemorrhages as normal controls Ihe hluod pressure also 
fell more steeply and further in the sympathectomized animals 
Experiments show that if shock persists long enough, the con- 
stricted arterioles relax, probably largcl> as a result of deficient 
blood flow through and consequent weakening of tlie vasomotor 
center Wth this, the compensations just described cease to 
function and tlic blood pressure falls to mortal levels 
The Mechanism and Cause ol the Decrease in Circulating Blood 
Volume —In the foregoing, the pathogenesis of the sjTnptoms of 
8econdar> traumatic siiock has been traced as follows liie s>mp- 
toms arc to be attributed to duninution m cardiac output The 
fall m cardiac output, ui turn, is the result of decrease in the \ cnous 
return to the licart And, finally, the diminution m venous return 
to the heart is due to a decrease in circulating blood volume 
We now come to the fundamental question How does trauma 
decrease the circulating blood volume* 'With this question, the 
finn basis of established fact is left, and tlie realm of theories entered 
Traumatic Toxenua and the Histamine Theory —During the World 
War, Quenu*' and other surgeons were impressed by the fact that 
traumatic shock usually does not become mamfest until several 
hours after the injury— for which reason tlie term secondary siiock 
was introduced Considerable clinical evidence was adduced which 
seemed to show that factors facilitating absorption from the trauma- 
tized tissue favor the development of shock, while moments hinder- 
ing absorjition tend to prevent siiock Cases were reported m which 
shock appeared only after a tourniquet had been released from a 
mangled limb 

The conception was thus attained that toxic products are formed 
or liberated m tlie injured tissues, which produce siiock wlien they 
attain a sufficient concentration in the general circulation— trau- 
matic toxemia 

Important and what then seemed almost conclusive evidence of 
the existence of traumatic ioxemui was advanced by Bajliss and 
Cannon ’’ They produced shock ly crushing muscles m the hind 
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limbs of dogs and cats They found that shock does not appear 
if the blood vessels supplying the injured limbs are tied, but de\ elops 
if the ligature is released, and is favored by massaging the injured 
area Ihese observations seemed most readily explicable on the 
basis that a shock producing substance is liberated in the damaged 
tissue and brings about its effect through entry into the general 
circulation In the search for the shock-producing substance, 
observations were made which were taken to indicate that the 
substance in question lowers tlie circulating blood volume and thus 
produces shock through two mechanisms (1) Dilatation of capil- 
laries, within which blood stagnates so that it contributes little or 
nothing to the active circulation, (2) increase in the permeability 
of the capillaries, so that plasma is extrav asated 

CapiUary Dilatation —During the World War Cannon noted that 
111 traumatic shock the red cell count of the blood in the capillaries 
of the skin is notably higher than that of the venous blood In 
normal subjects, he found that the erjthrocjte count of the capil- 
lary and venous bloods does not differ by more than 3 per cent 
On the other hand, Cannon showed that in severe traumatic sliock 
the red cell count of the capillarj blood is often as much as 2 000 000 
per c mm higher than that of the venous blood Further he 
found that the difference between the capilhr> and venous erjthro- 
cyte counts roughly parallels the severity of the shock and disappears 
with improvement 

The concentration of erythrocj tes is not limited to the capillaries 
of the skin Erlangcr and his associates found that in experimental 
shock the capillaries and venules of the intestinal vilh are packed 
tiglit with corpuscles More recently "Moon and Kenned>®® 
have earned out a careful study of the histology of various organs 
of dogs in whom shock had been produced by trauma or the intro- 
duction of extracts of normal or traumatized muscle into the perito 
neum The animals developed a clinical picture and concentration 
of the blood identical with that of human traumatic shock They 
found that in various organs— the lungs gastro intestinal tract 
hv er, kidneys, etc —the capillaries w ere markedly dilated and packed 
tight with red cells There were also numerous capillary hemor- 
rhages, and edema could often be demonstrated microscopicallj 
They also observed similar lesions in a woman who succumbed 
to postoperative shock, as well as m sections of organs of sol- 
diers who had been victims of traumatic shock during the World 
War On tlie basis of these observations, Jloon and Kennedy 
believe tliat dilatation and engorgement of capillaries accompanied 
by capillary hemorrhages and edema constitute the characteristic 
lesion of shock 

The above observations demonstrate that widespread dilatation 
of capillaries with stagnation of red cells within them occurs in 
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secondary truimatic shock Blood thus stignitcd in dilitcd capil- 
laries IS removed from currency nltnost is elTectivtlj is if it hid 
been cxtriv is.itcd for the circulition through tlic dil ited cipillancs 
IS so slow (page 05) thit tliev contribute \cr> littlo to the venous 
return to the heart If Congo red la injected or citbon monoxide 
mil lied, it mixes so slowly with tlie stagnitcd blood within the 
dilited c.ipillnrica (pige C2) thit the circulating blood volume 
incisurcd bj these methods is found to be corrcsjiondmglj reduced 

Of sjiccial interest is Muons Ending tlint despite widespread cajiillary 
dilatation the spleen is uiiall and iimTinuUv contracted m traumatic shock 
This sliowa that the «plenic reservoir of blood has lieen emptied into the 
general circulation and that Uic diminution m circulating blood volume is 
not even partlj due to storage of blood m tlic spleen 

hicTcase in Cainllanj Penneahihtij —It has long been known that 
tlie blood 13 concentrated and Iiighiv viscous and the red cell count 
increased in various fonus of clmicil mil exiicrimcnt il shock 
laken m conjunction with the dccreascil circulating plasma volume 
(page 030) Uiis finding diows tint plasma lluid is extrav asated in 
traumatic shock flic further finding tint tlie conc-entration of 
the plasma proteins is not increased in sccondarj traumatic shock 
indicates that the fluid winch passes from tiie blood stream consists 
not only of water and crystalloids but tliat also plisma proteins 
pass out llicse observations were interpreted by Cannon and his 
associates as indicating tint in traumatic shock there is widespread 
increase in the jicrmc ibility of the capillaries which results m 
transudation of plasma and consequent fill m circulating plasma 
volume, the alternative cx-planation of local loss of plasma at the 
site of trauma (page 637) was not accepted at the time 

In his recent monograph Moon** has strongly championed tlie 
predominant importance of dilatation and increased pcrmeabihtv 
of the capillaries in the production of traumatic ind other forms of 
shock 

Ihe Histamine T/icory— In the foregoing we have seen that the 
adherents of the tlicory of traumatic toxemia believed that tlie 
hypothetical substance liberated from the traimiatized tissue is one 
which depresses circulating blood volume tlirough the twofold 
mechanism of (1) producing capillary dilatation witli consequent 
stagnation of red corpuscles and (2) increasing the permeability 
of the capillaries with resultant extrav isation of plasma Of 
course, these might be merely two aspects of the same process, for 
it 13 believed that at least under certain circumstances, the per- 
meability of the capillary wall increases i an passu with dilat ition 
(Krogh*») 

It seemed tliat histamine or some histamine-IiLe body might well 
be tlie by pothetical shock produang substance defined bv these 
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effects The classical in\ estigations of Dale, Laidlaw and Richards*^ 
showed tliat the injection of comparatively small amounts of hista- 
mine into carnivora produced the characteristic circidatory changes 
of shock They found that in histamine shock the capillaries are 
dilated and packed with red cells and their permeability is increased 
so that plasma pisses into the tissue spaces, as a result of these 
changes, the circulating blood volume is diminished and the venous 
return to the heart is decreased * 

These observations leave no doubt that the circulation of ade- 
quate concentrations of histamine or histamine-hke bodies can 
reproduce the clinical picture of secondary traumatic shock in all 
its essential details However, proof is not >et available that 
histamine or any otlier substance with similar properties actually 
circulates in traumatic shock, or even that they are present in high 
concentration in traumatized tissues ^VhlIe some older experi- 
ments seemed to point in this direction, more recent careful studies 
by Smith^®^ and by Parsons and Phemister** did not reveal that 
toxic substances actually enter the blood stream from the injured 
tissues Roome and Wilson‘“ found that extracts of a traumatized 
limb of a dog do not produce fall m blood pressure or death when 
perfused into another animal Attractive though it is the theory 
that traumatic shock is due to the circulation of histamine or any 
other body resulting from tissue damage with similar action on the 
capillaries is without support which seems convincing to the writer 
(sf Moon*^ for an able presentation of the opposite view) 

The Theory ol Suprarenal Insufficiency —The conception has 
repeatedly been advanced that traumatic shock is due to inhibition 
of secretion by the suprarenal glands The earlier theories attrib- 
uted the low arterial pressure in traumatic sliock to deficient secre- 
tion of epmephrm by the chromaffin cells of the medulla But 
since the physiological role of epmephrm in maintaining the tone 
of the arterioles has become more than doubtful, this theory seems 
to lack tangible support 

More recently, attention has been diverted to the suprarenal 
cortex As will be seen on page 648, the circulatory failure during 
the crises of Addison’s disease anil in adrenolectomized animals is 
identical with that of traumatic shock In both traumatic shock 
and suprarenal insufficiency, the circulatory failure is manifested 
by deficient venous return to the heart conditioned by decrease m 

* Pick and XIautner attribute the duninution id circulating blood volume and 
venous return to the heart that are produced in the dog by histamine to constnction 
of the hepatic veins (page 66} While this mechanism functions in some expen 
mental animals its significance in man is still tubjvdiee And regardless of whether 
or not histamine constricts the hepatic veins in man the marked enlargement of the 
liver that would be expected to result from siguGcant obstruction of the hepatic 
veins IS not observed in human traumatic shock I have several tunes carefully 
palpated the right upper quadrant in severe shock, but have been unable to feel the 



030 PERmiEn \.L CmCVL\TORl FAILVllB AND SHOCK 


circuhtinp blood \olumc Biciu^e of this nnd otlier nnilogics 
beh\ccn tJie jiicturts of tnumatic shock md supnreiul iiisufR 
cicncj Swingle”* md his co-workers attribute traumatic slioek to 
suprareinl insuffiLiLiicy However, further e\ideiice is needed 
before this tlieorj cm lie accepted All tliat Ins been shown is 
that circulatory failure in botli suprarenal msufficiencv ind trau 
matic diock is due to a decrease jm circulating bjo id volume But 
tins does not prove that llic circulatory failure of trium itic shock 
13 due to suprarenal insufficiency OUier agents cm also produce 
shock througli the mtcnnediacv of decrease in circulating blood 
volume as 13 shown for example by liistauiuie shock lleccntobscr 
V itions (page S04) of therapeutic aid from the administration of an 
adrenal cortical hormone in tlic closely related surgicil shock afford 
no cMdencc that adrenal insufficiency is concerned in the causation 
of the shock, any measure which cicv itcs blood volume tends to 
help all varieties of aligctinc sliock 
Sympathetic Hyperactivity —I reciinn** lias brought up the possi 
bihty that traumatic shock results from prolonged hy^penctivity 
of tlie syrapitlictic nervous system 1 rta-inan )>omts out that tlie 
factors—hemorrh igc cold fear pain isphy xia infection low blood 
pressure— which produce or iggravatc shock arc likewise stimulants 
of the sympathetic nervous system as shown by v isoconstriction 
or by hy'pefsccrctiou of epmephtm He produced prolonged hyper 
activitv of tlic sy mpatlietic nervous system by infusion of epinephnn 
m physiological amounts or by mduciiig the spuntanc'ous emotional 
activity of the pseudoaffcctivc state The sympathetic h\'per 
activity tlius produced was accompamul by decrease in the circu 
latmg blood volume both plasma and corpuscles being affected 
1 rceman found evidence tint the decrease in circuliting blood 
volume was due to vasoconstriction for he observed that in similar 
experiments the blood volume did not dimmish if vasoconstriction 
w is inhibited by ergotoxin or prevented by complete sympathcc"- 
tomy How tlie vasoconstriction in tliese experiments causes tlie 
decrease in circulating blood volume is hypothetical That anox 
emu increases the permeability of the capillaries is known and this 
may be tlie link VuzOier Ireemdtt cites cvaieitce thit cutting 
down of arterial blood flow can result in capillary dihtation with 
stagnation of red cells which are thus withdrawn from currency 
Tlie suggestion that sympathetic hyperactivity may cause sliock 
tlirough the mtermexliacy of vasoconstriction md the consequent 
decrease m circulating blood volume is in such good accord vvitJi tlie 
circumstances under which shock occurs and its clinical mamfesta 
tions tint it merits further investigation Ihc conception clarifies 
the cases of traumatic shodc m which the fall in blood pressure is 
preceded by a rise a phenomenon which is perliapa more common 
than IS generally appreciated But as yet it is only a theory 
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Local Extravasation of Blood or Plasma —In an important senes of 
experiments, Blalock** has supported the thesis that traumatic 
shock IS due to the local extravasation of blood or plasma in the 
injured area, which decreases the circulating blood \olume and 
thus causes circulatory failure He traumatized one posterior 
extremity of in experimental animal and measured the amount of 
\\hole blood or plasma that was extravasated into the tissues by 
comparing the weight with that of the opposite extremity Blalock 
found that in animals which went into shock, the amount of blood 
or plasma extra\asated was equal to that which was required to 
produce shock by bleeding or remo\ al of plasma (plasmapheresis) 
Similarly, when he induced shock by traumatizing tlie intestines or 
by burns, the aolume of plasma extra\asated was correspondingly 
large According to Blalock’s theory, the latent period after injury 
that precedes the development of secondary traumatic shock is 
the time required for sufficient blood of plasma to pass out from the 
damaged vessels 

Blalock has made a notable contribution to knowledge of trau- 
matic shock by bringing out the magnitude of the loss of blood or 
plasma that may occur at the site of the shock-producing trauma 
He would appear to have established that in the forms of experi- 
mental shock with winch he worked, the drain on the circulating 
blood volume due to the local loss of plasma or blood is the funda- 
mental cause of the circulatory failure It would seem that this 
explanation also holds m at least many instances of clinical trau- 
matic shock However, the question arises whether there is not 
also some additional factor which interferes with the restoration 
of the circulating blood volume by resorption of fluid from the 
tissues Blalock believes that when fluid is thus resorbed it raises 
the capillary pressure and thus increases the transudation m the 
traumatized area so that the circulating blood volume does not rise 
Nevertheless, if the fluid exchange between blood stream and tissues 
functioned as usual, one would expect that tissue fluid would be 
Tesoriied until the tissues were severely dehydrated and only then 
would the circulating blood volume fall as a result of the drainage 
of plasma m the traumatized area This is what happens in, for 
example, the shock of high intestinal obstruction But there are 
casesof early though severe traumaticshock w ith low circulating blood 
volume m which the skin, at least, does not appear notably dehy- 
drated lloreov er, the plasma proteins may not be depressed in 
traumatic shock, which it is difficult to reconcile with drainage of 
plasma at the site of trauma and corr^ponding inflow of tissue 
fluid, which IS poor in protein In view of these considerations, the 
possibility must be borne in mmd that the depression m circulating 
blood volume m traumatic shock is due not only to drainage of 
plasma m the traumatized area but ak>o to some unknown factor 
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■\\liicli interferes ^\lth the resorption of fluid from the tissue spaces 
into the blood stre iin 

Even tilt fortgoing brief sunrCj will serve to indicate tJiat the 
niech mism of the decrease m circulating blood volume that mediates 
the symptoms of second try traumatic shoe] has not been unequivo 
callj determined Drainage of phsma in the traumatizcil area 
generalized seepage of plasma as a result of mcreaseil perine.ibility 
of tlie eipilhrics capillirj dilatation with pooling of red tells and 
other mechanisms ma> be concerned but tbeir relative importance 
remains to be estabhsiicd. It may V irv in different forms of traumatic 
shock 

HEMORRHAGIC SHOCK 

Profuse hemorrhage can produce the tJTiicil clinical picture of 
shock Ihis IS so common tint whenever an individual goes into 
shock without obvious cause or some time after an operation 
internal bleeding is one of the 6rst possibilities that enter the 
physicians mind Often tnuma and hemorrhage combine to 
produce shock 

The constitutional effects of hemorrhage result in two wavs 
through decrease m circulating blood volume and through decrease 
111 the iicmoglobm content of tlic blood Chnicilly and from the 
point of view of circulatory dynamics three groups of cases can 
he recognized 

1 Tliosc ill which neither the volume nor the hemoglobin content 
of the blood IS lowered sufficiently to exert more than a transitory 
effect on the dyn imtcs of the circulation 

2 Ihose in which the circulating blood volume is restored but 
the hemoglobin content of the blood is severely dcpresseil 

3 lliosc 111 which the circulating blood volume is diminished 
enough to produce shock. There may also be manifestations of 
hemoglobin deficiency 

Hemorrhage With Only Transitory Effect on the Circulation — 
If the amount of blood lost is comparatively small up to several 
hundred cubic centimeters in a healthy adult— tlie circulation 
quickly returns to normal ^Vhcn the blood is drawn no faster than 
the rate at which it can be obtained from a peripheral vein as 
during a transfusion measurement of the blood pressure and heart 
rate while 300 or 500 cc of blood are being removed may show 
practically no change m a donor who is not apprehensive But when 
the hemorrhage is more rapid as in bleeding from a large arterv 
there is a transitory fall m blood pressure Ibis was illustrated in 
the classical investigations of Worm Mueller ^ He removed from 
a dog within ten seconds a quantity of blood equal to a little less 
than 1 per cent of the body weight and found that while the arterial 
pressure fell from its previous levd of 130 to 57 mm one hundred 
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and fiftj-six seconds later it had risen to 151 mm A second bleed- 
ing ^\as carried out at this time and finished \\ithm eight seconds 
with the result that the arterial pressure fell to 02 mm , to return 
to 129 mm at the end of one hundred and twenty-ti\o seconds 
It was only after four such bleedmgs, eacli of 1 per cent of the body 
weight and carried out at intervals of two to four minutes, that the 
arterial pressure did not rapidly recover and the animal went into 
fatal shock 

This almost immediate restoration of the arterial pressure after 
loss of moderate quantities of blood is due to vasoconstriction in the 
periphery (page 628) That it is not due to an inflow of fluid into 
the blood stream was shown by the observations of von Limbeck 
He found that one minute after bleeding a dog of about one-third 
of the volume of blood in the body the blood pressure had returned 
almost to its previous lev el , the red cell count at this time had not 
dropped, evidence tliat a significant volume of tissue fluid had not 
yet entered the blood stream Even at this earlj stage, however, 
mobilization of fluid from the tissue spaces and erjthrocjtes from 
the spleen and other reservoirs has started, and as the circulating 
blood volume is thus gradually restored the vasoconstriction 
becomes no longer necessary for the maintenance of the arterial 
pressure If the amount of blood lost is small, tlie red cells mobilized 
from the reservoirs may be sufficient to keep the erytlirocjte 
count at tlie previous level But with any considerable loss of 
blood, sufficient red cells are not available in the reservoirs and the 
circulating blood volume is made up preponderantly by fluid from 
the tissue spaces, with resultant fall in the erythrocyte count 
However, the amount of tissue fluid available m even the healthy 
organism is not unlimited Rous and Wilson’®^ found in rabbits 
that after about one-half the blood volume had been remov ed by 
successive bleedings, tissue fluid was no longer available to restore 
the circulating blood v olume 

Hemorrhage With Resultant Anemic Manifestations —If a 
larger volume of blood is lost more slowly, or there is repeated or 
continuous small bleeding, the circulating blood volume is usually 
maintained by fluid from the tissues or ingestion For this reason, 
there are no symptoms of shock However, the hemoglobin content 
of the blood falls, necessitating the important circulatory adjust- 
ments for decreasing oxygen-carrying capacity which are discussed 
on page 575 

Hemonhagic Shock — Sufficientiy copious and rapid bleeding 
results in shock, i e , the consequences of circulatory failure imme- 
diately conditioned by deficient venous return to the heart The 
deficient venous return is immediately obvious from the collapsed 
state of the superficial veins Very often, the hemorrhage is com- 
bined with trauma or some other factor m the production of the 
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shock But in other instances such as hemorrhage from a peptic 
ulcer or a tuberculous ca\ ity, shock results purely from the loss of 
blood 

1 here cm be no doubt that the cause of hemorrhagic shock is 
decrease m circulating blood \oIuroc This \m 5 shown clearly by 
Kobertson and Bock s'* extensive studies during the World War 
They found tint while t small and sometimes even a considerable 
decrease in circulating blood volume due to hemorrhage might be 
compensated b> vasoconstriction so that the arterial pressure was 
maintained and shock did not appear more markeil fall m circulat 
ing blood volume was present when hemorrhage resulted in sliock 
Ihcy further showed that m hemorrhages larger than those com 
pensated by vasoconstriction there was rough parallelism between 
hll in irtcrial pressure and diminution in circulating blood volume 
In a number of Robertson and Bocks cases the circulating blood 
volume was less than GO per cent of the normal m one instance 
being only 64 per cent of normal The latter value probably 
approaches the lowest circulating blood volume compatible with 
survival it has been found tliat licmorrhagc of about one half the 
Wood volume is quickly fatal 

Little need be said about the clinical picture of hemorrhagic 
shock vvhicli IS practically identical vsitli that of traumatic shock 
In cases of trauma witli bleeding the hemoglobin content of tlie 
blo«^ may afford information regarding the relative importance of 
the two factors m the genesis of the shock hemorrhage causes the 
hemoglobin concentration to fail as the tissue fluid dilutes the blood, 
while the effect of trauma is to raise tlie liemoglobm content for a 
considerable time because of loss of plasma Moreover in hemor 
rlngic shock transfusion is usually a sovereign remedv and infusion 
of salt solution often also causes very striking improvement While 
these measures are also often very helpful m traumatic shock it is 
unusual for tliem to have such “ipectacularly favorable results as m 
pure hemorrhage 

POSTOPEEATI7E SHOCK 

A symptom complex identical with traumatic shock may be 
precipitated during or more often shortly after a surgical operation 
Ihe longer tlie operation and the more extensive the procedure the 
more likely is the development of shock Excessive handling and 
instrumentation of tissues and immoderate loss of blood are espe- 
cially apt to lead to shock The latter is perhaps most common after 
abdominal operations involving protracted manipulation of the 
intestines Operations under general or spinal anesthesia are more 
often complicated by shock than those under local anesthesia 
and of the general anesthetics ether and chloroform appear to be 
decidedly more dangerous in this r^ard than gas oxygen 
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The causation of postoperati\e shock is obviously to be sought 
along lines similar to those of traumatic shock We have already 
mentioned Crile’s view that surgical shock is due to overstimulation 
and subsequent exliaustion of the nervous centers due to fear, pain, 
etc Henderson®® held that surgical shock is due to hyperventilation 
incidental to the induction of the anesthetic and other factors, the 
hyperventilation, according to Henderson, depletes the carbon 
dioxide content of the blood and tissues and thus reduces the venous 
return to the heart More recentlj, Henderson has advanced the 
theory that anesthesia and operation depress the tone of the mus- 
cles, which diminishes the venous return to the heart and thereby 
produces circulatory failure, and at the same time predisposes to 
postoperative pulmonary atelectasis because of the relaxation of 
the diaphragm and other respiratory muscles The theories of 
Crile and Henderson have already been discussed (page 627) 

\VliiIe Henderson’s theories of the signi6cance of carbon dioxide 
depletion and diminished muscle tone remain very much sub judice, 
his conception of diminished venous return is well established 
Postoperative shock is a typical form of penpheral circulatory failure 
vianifesied by diminished venous return to the heart This is proved 
by the low venous pressure and the marked diminution m circulat- 
ing blood volume that have been shown to be present by Riessmger 
and Schneider,** Ewig and Klotz,** and others I have also observed 
abnormally low venous pressure and circulating blood volume in 
circulatory collapse following operation Unless there is profuse 
bleeding, the decrease in blood volume is due preponderantly to 
loss of plasma, for the red cell count and hematocrit rise Experi- 
mentally, Riessmger and Schneider found that when they opened 
the abdomen and manipulated the intestines so that shock resulted, 
the circulating blood volume was depressed The best therapeutic 
results m postoperative shock are attained by measures which tend 
to elevate the circulating blood volume 
The oligemia which, when sufficiently pronounced, results in 
surgical shock appears to be an exaggeration of a decrease in blood 
volume that occurs in almost all major operations under general 
anesthesia Thus, Stewart and Rourke'^® found that the plasma 
volume fell m 14 of 16 patients undergoing major operations under 
ether anesthesia lasting one to three hours, the average fall was 14 9 
per cent 

Doubtless a consequence of the oligemia developing during exten- 
sive surgery and protracted anesthesia is a fall m cardiac output 
In 9 patients undergoing such procedures, Snj der*®* found the card- 
iac output during recovery from etherization an average of 41 per 
cent below the preoperative level 

The cause of surgical shock is thus to be sought in factors which 
lower the circulating blood volume, and consequently the cardiac 
40 
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output, m almost all extensive operations, and are exaggerated 
when shock develops Tlicy are probably multiple niid different 
m individual eases Hemorrhage is of course, especially potent 
in tins regard In almost every operation, especially under general 
anestliesn, there are a number of factors which tend to dehydrate 
the boilj Among these are profuse perspiration, lijpervcntilation 
vv ith resultant increase m \v atcr lost in tlic expirwl air, and frequently 
vomiting Blalock ]) 0 )nts out the significance of excessive preliiui- 
narv catharsis in this reganl IIovv great is the deh}dration that 
coininonI> occurs during and after operations has been brought 
out bv the mvestig itions of Coller and Maddock** and MicFee 
and Baldridge Ihe latter investigators found that despite 
fluid intake of about 2500 grams the bodj weight avenges 1400 
grams less tvventv four hours after tonsillcetomj than before the 
operation fhe loss is of course ncarlj all water, and the blood 
doubtless participates m tlie general dehydration with con'^equent 
decrease m circulating blood volume Lxccssive hindhng of Uie 
intestines causes extr i\ as ition of plasma, whicli in Blalocks'* 
experiments was sufficient to lower the circulating blood volume 
strikingly Ihe effects of tlic ancstlittics arc also of importance 
Tlic mere opening of tiic peritoneum has been observed often to 
result in transitory drop m blood pressure, this Ins been attributed 
to i nervous reflex but the altered ineclnmtal conditions for the 
V enous return to die hc.xrt resulting from tlic opening of the perito- 
neum may also be concerned In most mstinecs of surgical sliock, 
there is probably summation of several factors tending to lower the 
circulating blood volume and perhaps also decrease the v enous return 
to the heart through other mechanisms 

PERIPHERAL CIRCULATORY FAILURE DUE TO VOMITING OR 
DIARRHEA 

Immoderate and sufficiently protracted loss of the contents of 
the stomach or intestines results in sliock There is pale sweating 
skin cold extremities oliguria low arterial pressure and collapsed 
veins vvitJi low venous pressure The picture is thus pricticallv 
identical widi tint of traumatic sliock, although the evidences of 
dchvdration in the skin mucous membranes and eyeballs usu illy 
become more pronounced Concentration of the blood is indicated 
bv elevation of the red cell count and hemoglobin percentage 
Chemical examination of the blood reveals nitrogen retention hypo- 
chlcjremia, and as Gamble and Ross” showed depression m content 
of fixed base There may be alkalosis or acidosis, depending on the 
character of the fluid lost from the body 

Among tlie clinical conditions presenting this picture of shock 
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due to loss of gastric or intestinal contents, the following may be 
mentioned 

1 Vomiting due to pyloric or intestinal obstruction 

2 The gastro-intestinil disorders of infancy accompanied by 
\omiting or diarrhea 

3 Various forms of vomiting and diarrhea in adults — gastro- 
ententides, pernicious v omiting of pregnancy, uremic vomiting and 
diarrhea, etc 

I have also seen classical shock as a result of a biliary fistula, the 
sodium content of the plasma was depressed and the shock was 
quickly relieved bj the administration of sodium chloride 

The studies of Gamble,** Marriott,” Atchley,* and others have 
show n that in all these conditions the pathogenesis of the shock is 
similar \ omiting or diarrhea leads to loss of large quantities of 
water and dissolved salts Because of the condition of the gastro- 
intestinal tract, the replacement of water and salts is impeded 
This IS especiallj true in infants who also lose large quantities of 
fluid tliVough the skin The result is that the organism becomes 
deh>drated and the circulating blood volume diminished as part 
of the general dehydration The oligemia, in turn, diminishes the 
venous return to the heart with consequent circulatory failure and 
shock In some instances (<? g cholera), the blood is so highly 
concentrated tint the resistance to flow resulting from the great 
viscosity may be an accessory factor in diminishing the venous 
return to the heart This conception of the patliogenesis of shock 
resulting from vomiting or diarrhea is supported bj the splendid 
therapeutic results often obtained by the intravenous infusion of 
large v olumes of salt solution, a procedure that has been m use for 
a century m the treatment of cholera 

It IS to be emphasized that loss of salts play s an especially impor- 
tant part m the pathogenesis of the dehydration underlying the 
shock Gamble and Ross believe that the water content of the 
organism is largely a function of the quantity of dissolved electro 
ly tes m the body (page 647) The consequence is that unless the 
salts are repHced, dehydratioa cannot he alleviated by the supply 
of water Formerly, the principal stress was laid on the loss of 
chloride However, Gamble and Ross have shown that vomiting 
and diarrhea also produce notable waste of sodium, and that this 
IS even more significant for the total electrolyte content of the blood 
than IS loss of chloride For when chloride is lost, the total con- 
centration of acid radicals can be maintained by lessened elimina- 
tion of carbon dioxide m the eiqnred air, with the result that the 
concentration of bicarbonate rises to the extent that chlonde falls 
But when sodium is lost the sum of the acid radicals m the blood 
must decrease correspondingly in order to maintain the balance of 
acid and base The result is that the total electroly te content of 
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tlic blood and tissues falls ind dehjdration is the conse- 

quence It 13 important that tiie significance of the loss of salts 
be apprecnteiJ, for often much better therapeutic results are 
obtained by the admmistration of hypertonic than of physiological 
salt solution— a fact long ago pointed out m the case of cholera by 
Rogers 

The fundamental role of loss of water and salt in tlie production 
of circulatory failure following \omiting or diarrhea has long been 
especially well realized in the instance of cholera where the thicken 
mg of the blood and the desiccation of the tissues are so marked as 
to force tlicmscKcs on the observer Ihe seventy of the cholera 
attack 13 111 proportion to the loss of fluid and s<ilts from the blood 
(Rogers*®*) hluch more slow w as realization that the constitutional 
manifcstitions of pylonc and intestinal obstruction and tliose of 
the gastro-intcstmal disturbances of infancy are likewise largely 
tliosc of shock due to dehydration and decrease m circulating blood 
volume Ivmncrous investigations were earned out in tlje effort 
to show that these constitutional symptoms were due to the absorp 
tion of some hypotlietical toxic Imdy from the lumen of the gut 
Darrow and Buckman** and McIntosh” and his associates showed 
the great frequency of decrease in circulating blood volume in. the 
diarrheas of infancy Of course it is possible that in low intestinal 
obstniction symptoms may also result from the absorption of toxic 
bodies from the putrefy mg contents But it should be remembered 
that ev cn though there is little vomiting in such cases large amounts 
of fluid and salts may be contained m the dilated mtestiinl loops 
and lost to tlie economy as effectively os if they had been vomited 
Within thirty hours after pyloric obstruction in the rabbit an 
animal which does not vomit Gamble and Mclver** found that 
several limes the total initial content of the plasma m water fixed 
base and chloride entered tlie stomach 

peripheral emeULATORY FAILURE IN DIABETIC ACIDOSIS 

I’ypical penplieral circulatory failure miy develop m the course 
of dnhetie tadosis AoHaJaj# indeed it is mostly through the 
intermediacy of circulatory collapse that diabetic acidosis leads to 
a lethal outcome Altiiougli the older investigators recogmzed a 

cardiovascular coma it is only s nee the introduction of msulm 
that the great significance of circulatory failure in determining the 
outcome of diabetic coma has been adequately appreciated The 
importance of circulatory collapse became evident when cases were 
observed in which treatment with insulin had cleared the urine 
of glucose and ketone bodies and restored the sugar and bicarbonate 
of the blood to normal and nevertheless the patient succumbed to 
circulatory collapse In sudi instances it does not sufBce to treat 
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the metabolic disturbance alone, but it is also necessary to take 
measures against the circulatory collapse 

Peripheral circulatory failure most often develops in diabetics 
after a protracted period of acidosis How e\ er, it may also result, 
though much less often, from acidosis setting m acutely as a result 
of an infection or the cessation of insulin • ilost often, the sequence 
of events is that the patient goes into pre-coma or coma first and the 
sj-mptoms of circulatory insufficiency develop a few days later 
But there are also cases in which arculatory collapse is the first 
indication of the acidosis It was mentioned abov e that the acidosis 
may be removed by insulin and jet circulatory colhpse persist or 
first develop Such patients may be fully conscious and jet in 
severe circulatorj failure 

The clinical picture is that of diabetic acidosis plus that of 
tvpical shock as already described — restlessness going on to apathy 
and coma, thirst, vomiting, sunken features, soft ejeballs, inelastic 
skin, feeble and rapid pulse, and collapsed superficial veins \VluIe 
Kussmaul breathing may be present, it is often absent 

The most important diagnostic sign of circulatorj collapse in 
diabetic acidosis is fall m arterial pressui^, which maj develop and 
progress rapidlj It is just as important— often more important— 
to measure the arterial pressure in pre<oma or coma as it is to 
follow the chemical changes m the urine and blood Pall m blood 
pressure calls for immediate treatment of the circulation, and the 
situation IS serious if the arterial tension drops below 80 mm 

There is oliguria, which maj approach anuna The diminution 
m urinaiy v olume generally results in nitrogen retention in the blood 
The non protein nitrogen of the blood may mount to 100 or 200 mg 
per cent It is because of the nitrogen retention that many cases 
of diabetic coma were formerly thought to be precipitated by renal 
insufficiency However, there can be no doubt that the oliguria is 
purely a consequence of the circulatory failure This is evidenced 
by the immediate increase m urinary volume and decrease in azo- 
temia that follows successful treatment of the circulatorv failure 
That the concentrating ability of thekidaej is unimpaired in many 
cases is shown by the high specific gravitj of the urine In other 
instances, the specific gravity of the unne is fixed around 1 010 
despite pronounced azotemia The impairment of renal function 
thus demonstrated is probably a consequence of the circulatory 

* Ir ft recent case at Mount Sinai Hoap tal la wlucli acute coma and circulatory 
collapse Here ushered in by violent epigastric pam acute pancreatitis nas found at 
necropsy presumably the acute pancreatitis (p 652) abetted the diabetic metabolic 
disturbance in the pathogenesis of the shock and expiamed the complete inefficacy 
of the therapy Kecent observations by Root * ** indicate that such a sequence of 
events may be more common than has generally been realised Further obseri ations 

are needed to show how often epigastric pain preceding diabetic coma is due to 
pancreatic necrosis 
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f iilure \vitli its entailed diminution in \o!umc of blood flow tlirough 
the kidnev (p^ge 623) for the concentrating power is promptly 
restored with improvcracnt of the circul ition 

The manifestations of ddiidmtion ire more pronounced when 
circulatory collapse results from di ibctic acidosis tli in in traumatic 
or heinorrliagic shock Ihis is of course due to the fact that 
dehjdntion precedes tJie onset of circulttorj failure and is indeed 
the prime cause of the Utter llie most obvious evidences of 
dehjdratioii arc tlie shnmkcn state of tlie superficial tissues and tlie 
well known softness of the eyeballs 

It should be borne in mind that dnbctic acid mtoMcation is often 
accompanied by cpigastnc or otlier abdominal pain llie circula 
torj ctillipsc of acidosis sliould not be confused with the shock of 
coronary thrombosis which is frequent in diabetics I have known 
diflSculties m this differential diagnosis 

Pathogenesis —That the circulatory collapse of diabetic acidosis 
IS a form of peripheral circulatory failure and results m diminished 
venous return to tlic heart is proved by tbe collapsed state of the 
superficial veins and the low venous pressure I have several times 
observed tlie pressure m au antccubital vcm to be about 1 cm of 
\v iter 

The diminisl cd venous return to tlie heart results from decrease 
m circulating blood V olume t t the circulatory collapse of diabetic 
acidosis is a form of oligemia It has long !>ccn known that in these 
cases the blood is viscous md the red cell count and hemoglobin 
content are increased over their previous values Widal * and 
Peters*’ ind their respective associates have also found that tlie 
concentration of the plisinv proteins gcncrvlly rises in diabetic 
acidoais and falls vvitli improvement These findings point to 
concentration of the blood as a result of decrease in circulating 
plasma volume Tint the circulating blood volume is actuilly 
decreased m severe diabetic acidosis and returns to normal with 
disappearance of the acidosas has been shown b\ the mvestigatious 
of II irrop Chang and Schiub*’ witli the carbon monovide metliod 
of determining circulating blood volume They found tint only 
the circufafing pfasina volume is dimimsficd in acidotic diabetics 
with no essential change in the red cell volume Ilarrop and his 
associates made no measurement in actual coma but there can be 
no doubt that in tins state the decrease in circulating blood volume 
IS much more pronounced That the decrease in circulating blood 
volume IS the actual cause of the circulatory failure is indicated by 
the splendid therapeutic results that are generally attained by large 
intravenous infusions 

How the acidosis results m the decrease in circulating blood vol 
ume IS not entirely settled Doubtless the oligemia is fund iinen 
tally part of the general dehydration of the organism that results 
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from the protracted poljuria and may he abetted fay vomiting, 
sweating, and diarrhea Harrop, Chang and Schaub also point 
out the large amount of water that may be lost in the expired air 
w hen there is Kussmaul breathing Discussion w UI not be attempted 
of the complicated and as jet largely obscure mechanisms through 
which loss of water results from the disturbance in carbohjdrate 
metabolism and the resulting acidosis and other alterations in the 
electroljte pattern of the blood and ti^ues, for many details, the 
reader is referred to the studies of Loeb, Atchley, et al Peters 
et al and Blum and Van Caulaert‘^ It will merelj be recalled 
that acidosis tends to promote diuresis, as is applied in the use of 
ammomum chloride and other acidifjing salts Moreover, keto- 
genic acidosis tends to deplete the 6xed base of the bodj to the 
extent that the acids excreted in the urine are not matched by 
ammoma formed by the kidnejs And the sum of the bicarbonate 
plus the chloride concentrations m the blood is depressed, a fall 
tliat is doubtless paralleled m the tissues In v lew of these findings. 
It maj be accepted that the total dissolv ed electrolj te content of 
the body is diminished in severe diabetic acidosis And according 
to Gamble and Ross,‘* “It is therefore probablv permissible to 
postulate a close dependence of the volume of bodj water on the 
total quantity of dissolved electrolj tes which the bodj contains” 
These considerations would indicate that ‘demineralization’ is 
probably the prime cause of the dehjdration of the organism m 
severe diabetic acidosis, of which decrease m circulating blood 
V olume and consequent peripheral circulatorj failure are one aspect 
Such a conception also clarifies tlie necessitj for administering large 
quantities of sodium chloride with the fluid given in the treat- 
ment of peripheral circulatory failure due to diabetic acidosis 
(page 808) 

In addition to tlie loss of water from the body, the observations of 
Peters®^ and his associates on the plasma proteins m diabetic 
acidosis indicate that other factors, which displace fluid from the 
blood to the tissues, maj also be concerned in reducing the blood 
volume 

PERIPHERAL CIRCULATORY FAILURE IN ADDISON’S 
DISEASE 

Peripheral circulatorj failure dominates the acute exacerbations 
of Addison’s disease, w hich are characterized bj intensified asthenia 
gastro-mtestinal and sometimes mental sjraptoms, fall m blood 
pressure, rise m the non protein mtrogen of the blood, and other 
manifestations of shock That the fall m blood pressure is due to 
peripheral circulatory failure is indicated bj the collapsed state of 
the superficial veins At the height of an Addisonian crisis, the 
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blood pressure in the 'intccubital \eins may be so low tliat it cannot 
be measured bj the direct method On the otlier hand, m a patient 
with low arterial pressure who was feeling comparatively well in 
a remission, the venous pressure was normal This would indicate 
that factors other thin diminished venous return to the heart par- 
ticipate m the continuous hypotension of Addison’s disease 

Observations by Swingle and Pfiffner”* show that the decreased 

V enous return to the lieart and consequent shock w hicli characterize 
the crises of Addison s disease arc due to diminution in circulating 
blood volume Ihcse investigators showed that m dogs the circu- 
lating blood volume falls fotlovving suprarcnalectomy, and that when 
tins diminution in circulating blood volume becomes sulBcieutly 
pronounced the arterial pressure drops and symptoms of shock 
appear If a potent cortical extract ordcsoxy corticosterone acetate 
13 then administered, the circulating blood volume rises and with 
it the irterial tension returns to normal and the svmptoms of shock 
dear up Swingle and Pfiffner showed that tlie non protein mtrogen 
of tile blood varies inversely as the arterial pressure The use in 
non protein nitrogen during suprarenal shock would appear to the 
writer as most probably due to the cutting down of Uic blood flow 
through the kidney s as a result of the diminution in circulating blood 

V olunjc and consequently cardiac output (page C23) Sw inglc and 
Pfiffner sliowed that the diminution in volume of circulating blood 
during suprarenal insufficiency is due to loss of plasma water, for 
both the red cells and the plasma proteins arc increased in concentra- 
tion Losses of 40 to 50 per cent of tlie plasma were frequent in 
their experiments 

Ihe next problem that arises is that of how ileficiency of the 
suprarenal cortical hormone produces the decrease m the volume 
of circulating blood tliat in turn entails suprarenal shock Swingle 
and Pfiffner established that in suprarenal shock administration of 
fluid does not dilute the blood stream and thus increase the circu- 
lating blood volume to the same extent as m normal controls 
On the other hand, tlie injection of cortical extract promptly raises 
the blood volume and cures the symptoms of shock On the basis 
of these Undings S}¥ing}e arid PSffner coaduded tiiat thehenvoae 
of the suprarenal cortex regulates the blood volume through action 
on the fluid exchange between the capillaries and the tissue spaces 
and that with a deficiency of this hormone fluid is displaced from 
the blood stream to the tissue spaces with resulting drop in circu 
latmg blood volume and shock But Harrop'* and his associates 
found that m experimental suprarenal shock the tissues are dehy- 
drated and the body weight falls, which shows tint the loss of 
plasma water is not into tlie tisaies 

New light has been tlirovvn on the mechanism of the oligemia 
of suprarenal shock by recent mvestigations, notably those of Loeb * 
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and his associates, ivhich indicate that the decrease in circulating 
blood \olume may be secondary to loss of sodium Marine and 
Baumann’* found that following suprarenalectomy in cats the 
sodium content of the blood is lower^, and that the li\es of the 
animals are prolonged by the administration of sodium chloride, 
that the chloride concentration in the blood is depressed m supra- 
renal insufficiency had previously been known Rogoff’®’ found 
the administration of sodium chloride an additional help in treat- 
ment of Addison’s disease with cortical extract Loeb and his 
associates showed that the sodium content of the blood is depressed 
in Addison’s disease and that remarkable improvement can often 
be produced by the admimstration of sodium chloride without 
cortical extract Also, the sodium content of the blood rises when 
cortical extract is administered to the adrenalectomized animal or 
m human Addison’s disease loeb and his associates found that 
the sodium depletion m Addison s disease is caused bj increased 
excretion of s^ium in the urine Their conception is that the 
suprarenal gland regulates the sodium content of the blood through 
action on the kidney However, recent observations by Allers, 
Kendall, Wilder’ and his associates, and others indicate tliat the 
loss of sodium m suprarenal insufficiency ma> be at least partly 
effected through the intermediacy of alterations in potassium metab- 
olism During crises of suprarenal insufficicncj, the potassium 
content of tlie blood is elevated and these investigators have found 
that the loss of sodium may be minimized by a low intake of potas- 
sium and aggravated by ingestion of large amounts of potassium 
But whatever the mechanism of the loss of sodium, Loeb and his 
co-workers have found that the decreased sodium content of the 
blood results in diminution in the total base and tliat this is accom- 
panied by decrease in the total acid of the blood There is thus 
a diminution in the total electrolyte content of the blood That 
this entails fall m circulating blood volume, consequent decrease m 
the venous return to the heart, and symptoms of shock has already 
been recalled 

ACUTE DIFFUSE PERITONITIS 

Acute and widespread inflammation of the peritoneum contrary 
to that of the pleura, often produces peripheral circulatory failure 
and shock The familiar peritoneal facies is that of shock How- 
ever, acute diffuse pcritomtis does not always result quickly in 
shock, not rarely, on opening the abdomen for appendicitis, one 
finds widespread peritonitis although there has been no evidence 
of peripheral circulatory failure 

That the circulatory failure resulting from peritonitis is of periph- 
eral origin and not due to heart failure was shown by Heinecke** 
by ammal experiments similar to those of Romberg and Paessler 
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(page 050) Clmic.illj tins is evident from tlie collapsed % ems low 
venous pressure aud other <> 3 inptoins and signs of shock Olive* 
crona** found m experimental peritonitis tlut the circulating blood 
volume IS diminish^ which would seem to be an important factor 
in the pathogenesis of the decreased venous return to the heart 
Stagnation, of blood in dihtetl capillaries tn tlie enormous peritoneal 
surface maj well play an important |urt in decreasing the volume 
of blood in active circulation Lxtravasation of plasma into the 
peritoneal cavity ma> also be significant BI dock** found that by 
manipulating the cxposetl intestines lie could cause extravasation 
of sufficient plasma to produce shock (lirough diminution in circu 
lating blood volume In icute peritonitis respiration is purely 
thoracic and superficial which diminislies the respiratory aid to 
the venous return to the heart All of tlicse factors may be sum 
mated m tlie production of pcriphcrd circulatory failurcinpcritonitis 

PERIPHERAL CIRCULATORY FAILURE DUE TO BURNS 

rypicftl peripheral circulatory failure with the clinical picture of 
shock is the most important and common constitutional manifcsta 
tion of severe burns Such shock is much more apt to follow 
extensive though superficial burns than ftr deeper burns involving 
only 1 small irea of the skm If over twothirds of tlie body 
surf ice IS implicated in even a rather supcrfiinl burn fatal vhock 
generally ensues On the otlicr h ind the soft parts of a leg or arm 
miy be cliarred with but httlc constitutional reaction 

Ihc cause of shock in supcrfici il burns Ii is naturally excited much 
interest and many tiieories have been proposed (See Bardeen* 
for the older views ) It now ippc in? quite definite tint the imme- 
diate cause of the peripheral circulatory failure is concentration of 
the blood with decrease in circulating blood volume and conse 
quent fall in cardiac output Tbe dimmution in circulating plasma 
volume winch concentrates the red cells is of a degree scarcely 
paralleled in any other condition In one of Lnderhill s*” cases 
tlie beraoglobm content of tlie blood attained the almost incredible 
value of 230% and m other instances it w is almost as high Ihe 
concentration of tlie blood is so great tliat it becomes sy rupv tlirom 
hoses often result Tlie combination of decrease iii circulating blood 
volume and increase m viscosity of tlie blood offers an excellent 
explanation of the decrease m tbe venous return to the heart which 
causes the slioek (In in instance of ultimately fatal si ocl from a 
burn 1 found the venous pressure under 1 cm of w itcr) For a 
tune the arterial pressure may be maintained by vasoconstriction 
despite the great concentration of the blood (well exemplified m 
some of Underliills casts) but unless there is improvement the 
arterial tension falls sooner or later 
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The studies of Underhill, Kapsmow and Fisk“* and of Blalock*® 
indicate that the fall m circulating plasma volume is accounted 
for by local exudation in the burned area m the form of weeping 
from the burn and of edema and blisters The former in\ estigators 
found in experimental burns that the local loss of fluid may amount 
to as much as 70 per cent of the blood volume Moreover, the 
protein content of the extravasated fluid indicates tliat almost 
unchanged plasma is lost through the damaged capillaries m the 
burned area The fact tliat shock in burns is due to local loss of 
plasma explains the above-mentioned observation that extensive 
superficial burns are so much more dangerous than circumscribed 
deep ones 


II PERIPHERAL CIRCULATORY FAILURE AND 
SHOCK DUE TO MOTOR DYSFUNC- 
TION OP THE VESSELS 

The mechanism of this form of peripheral circulatory failure 
has already been discussed (page 618) Formerly, most instances 
of peripheral circulatory failure were regarded as induced bv relaxa- 
tion of the sm ill vessels, especially the arterioles, and the condition 
spoken of as ‘ vasomotor paral>sis ” However, we have just seen 
most of the common forms of peripheral circulatory failure appear 
to he due to oligemia rather than to motor d> sfunction of the v esscls 
But there appear to be a few forms of shock m which the motor 
dysfunction of the v essels seems to operate 
Primary Traumahe Shock —Shock sometimes comes on almost 
immediately after causative trauma Most often, this is due to 
profuse hemorrhage, such cases are considered m connection with 
hemorrliagic shock In other instances primary shock (page 62G) 
occurs m the absence of hemorrhage Classical examples are seen 
following the perforation of a peptic ulcer, in which the victim some- 
times drops m his tracks and when seen bj the ambulance surgeon 
a few iiuiuites later may be pulseless \ loleat blow s on the abdomen 
("solar plexus punch ) or testicle may cause pnmarj shock, and 
it also occurs in very severe wounds of any description witliout 
significant hemorrhage 

TJie very rapidity with which the symptoms of pnmarj siiock 
develop speaks strongly for their nervous origin for which reason 
the condition has been termed neurogenic shock Experimental 
support for this view was long ago afforded by the well-known 
“Klopfv ersuch" of Goltz He found tliat if a frog is tapped 
repeatedly on the abdomen the tone of the abdominal vessels is 
low ered to such an extent that most of the blood accumulates w ithin 
them, the venous return to the heart diminishes, and the cardiac 
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output drops correspondingly It seems a reasonable assumption 
that a similar nervous mechanism operates in prim irj traumatic 
shock m man Huwe%cr it is no more than an assumptioHi the 
subject has hardly been susceptible to direct in\ estigation because 
the patients usually succumb to or recover from primary sliock very 
rapidly 

Spinal Anesthesia — 1 he shock winch occasionally results from 
spinal anesthesia is doubtless due to similar relaxation of small 
blood vessels Blalock and Bradhurn** were able to produce tlie 
same type of periplienl circulatory failure by injury to the «pinal 
cord In experiments witli spinal ancstlicsia Burch and Harrison ® 
found that the arterial pressure fell first and only later was the 
cardiic output diminished Burch ind Harrison interpreted this 
sequence as indicating v isodilatation with pooling of blood in the 
ancstlietizeil areas \ud substantiated this inference by perfusion 
experiments which showed that the small vessels were actually 
relaxed 

In the past it has been generally assumc<i that the fall in blood 
pressure and shock in such conditions as primary traumatic shock 
and spina] ancsUiesia arc due to relaxation of the arterioles How e\ cr, 
recent observations indicate that this conception may need modifi 
cation Tlie observations of Smith Goldring'** and Uicir associates 
point to the absence of important tome activity in tlie vasomotor 
paths to most of the arterioles m the resting recumbent individual 
Ihey found that when tlie blood pressure falls as a result of spinal 
anesthesia tlie systolic falls more than tlic diastolic which is the 
reverse of what would be expected from arteriolar dilatation Smith 
and his co workers interpret their findings to indicite tJiat the 
decreased cardiac output lu spinal anesthesia is due to rel ixation of 
the postartenolar stream bed (capillaries venules veins) Similarly 
Weiss' * and his collaborators found that the circulatory collapse 
which they induced by the adiniiiistration of sodium nitrite to 
subjects in the upright posture is due to loss of tone of the veins 
with pooling of blood in these vessels 

Acute Pancreatic Necrosis —Shock is an ntegral part of tlie 
clinical picture of acute pancreatic necrosis having been present 
ID over 90 per cent of FiDney s** cases Pancreatic shock often 
evolves with remarkable celerity and may be pronounced when a 
patient IS seen within a few mmutes after the onset of the agonizing 
epigastric pain In those rare instances of sudden death m which 
acute pancreatic necrosis is found at necropsy peripheral circulatory 
failure is doubtless responsible 

The peripheral circulatory failure is cl issical The skm is pale 
and moist, tlie arterial pressure low the veins collapsed and the 
extremities cold not only dunog the initial period of normal or sub 
normal rectal temperature, but also after fever has set m At first, 
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the pulse may not be rapid but it later accelerates A remarkable 
feature in some instances is the appearance of bluish-red mottling 
of the skin, especially of the abdomen and arms Such cults mar- 
morata was more pronounced m a patient wnth acute pancreatitis 
than in any other instance of shock that I ha\ e obser\ ^ Diffuse 
cjanosis has also been described b> Halstead^® and others The 
sensorium generally remains clear until close to the end 
The sudden onset of pancreatic shock makes it seem likely that 
it IS one of the motor forms of shock However, this has not been 
proved, and the actual pathogenesis is entirel> obscure ^Vhy 
peripheral circulaCorj failure should develop with such remarkable 
rapidity and constancy in acute pancreatic necrosis has not been 
elucidated Although the pain m acute pancreatic necrosis is 
excruciating, this can scarce^ be the sole cause of the shock, the 
most violent renal colic is sometimes accompanied by rise in blood 
pressure Pressure on the sohr plexus by the swollen pancreas 
and liberation of histamme-like bodies from the necrotic tissue have 
also been incriminated (Archibald and Kaufmann*), but these are 
merel) hjpotheses 


III CARDIAC SHOCK 

The clinician uses the term shock to designate a s> mptom complex 
including weakness, pallor, profuse sweating, cold extremities, and 
feeble pulse We liaie seen that this aggregate of symptoms mani- 
fests a quantitative^ inadequate sjstemic blood flow produced by 
deficient cardiac output and wadespread peripheral vasoconstriction 
resulting, probably reflex^ from the small cardiac output IMost 
often the drop m cardiac output w Inch causes shock is due to decrease 
in blood volume or motor disfunction of the small vessels which 
dimmish the venous return to the heart However, precisely the 
same clinical picture of shock may also result from fall in cardiac 
output due to primarj heart failure of acute onset or intensification 
The resemblance is so close that, to illustrate, in patients presenting 
the clinical picture of shock and complaining of epigastric pain, 
one IS not uncommonly in doubt whether the situation results from 
coronary thrombosis with heart failure or an abdominal disorder 
with peripheral circulatory failure 

Since the sj mptoms of shock are the result of inadequate cardiac 
output, at first thought it seems paradoxical that they are more often 
due to peripheral circulatorj failure than to pnmarv cardiac insuffici- 
encj As already intimated, the explanation is probably along the 
following lines 

In peripheral circuKtorj failure the venous return to the heart is 
dimmish^ Since the heart acts as a force pump, and not as a 
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suct\on pump, it cannot * compensate ’ for tins fall, ami tlie cardsac 
output suffers in equal decrement Ihconli compensatory median 
ism tJiat comes into action is pcriplicral vasoconstriction Wliilc 
tins vasoconstriction tends to kee|> up the arterial pressure nnd main- 
t iin the blood flow to the central nervous system and heart, it aug- 
ments tlic peripheral ischemia with its resultant anoxemia and thus 
participates m the production of some of the symptoms of shock 
(e g the cold extremities and tlic acidosis) 

III heart fiilurc of other tluin acute inception, the situation is 
different As has been seen in iletail m Chapter M 111 and on 
pigc 13 the failing Imirt has compensatory mechanisms which 
tend to maintain the canhac output fake for cx4ample failure of 
the left ventricle in hypertension When the left ventricle fails 
svstolic emptying is no longer as complete as before Ihc result is 
rise in the dmstohe pressure in the left ventricle and accumulation of 
blood (engorgement) m the lesacr circulation Tlie rise in pressure 
m the pulmonary veins augments the dnistohc fflling of the left 
ventnde which in turn in accord with Stirling s law of tlic heart, 
incre.ises the systolic accomplishment of the left ventricle Ibe 
high pressure m Uic engorged pulmonary veins tlius tends to mam 
tarn tlie cardiac output at a higher level tlnn would otherwise be 
the CISC Moreover the development of pulmonary engorgement 
13 accompanied by increase in tlic total circulating blood \olume 
(page 7i) Ihe result is tlut tlic individual with a gradually 
failing left ventricle despite tlic accumulation of i large volume of 
blood in the pulmonary circuit docs not suffer from inadequate fflling 
of other portions of the circulation WTint thus h ippens m left 
ventneui ir failure ofgr idual onset is tint dccre ise m ca^iac output 
is avoided to a consider ible extent at the expense of pulmonary 
engorgement 

According to this conception augmented blood volume plays a 
fundamental part m maintaining canbac output in chronic heart 
failure However the production of an increment in blood volume 
more substantial than tliat available immediately m the reservoirs is 
a process tint takes some tunc 1 be result is tJiat if sev ere heart 
failure sets in abruptly asincorontry thrombosis there la not enough 
tune for the blood volume to nsc the compensatory mechanisms 
depending on the increase in blood volume do not function the 
cardiac output falls and the clinical picture is tint of shock Then 
as the blood volume gradually rises the manifestations of shock 
clear up though those of pulmonaij engorgement may become more 
intense, presumably, tlie rise in blood volume has facilitated the 
compensatory mechanisms described above which augment cardiac 
output This sequence of events though not correctly interpreted 
at the time, was illustrated m some studies on tlie circulatory 
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d%Tiainics. of ni\ ocardial infarcticm In initial ittndcs of 'nj oc'irdial 
infarction m which the chnrcaJ picture is preiJonimantlj that of 
shock, the blood \olume is subnonnal or at the lower limit of the 
normal range. \s the patient rcooaers. from the '.hock, the \olumc 
rises. This was w ell illustrated in Case 14 ^\'hcn the iviticnt tir^t 
entered the ho pital m ta-pical -diock due to mjocinlnl inlarction 
thetolumeof circulating blood wasoiilj 49cc ptrkilocruiijtendaa's 
later, when the manifestations of shock hid large!.' dc ircd Up the 
aoluine of circulating blood had risen to To cc (Fishbcrg Hitaig 
and King**) 

Considered from tlie point of \acw of pathogcncMs the s\^lJptoms 
of heart failure belong in two categories (1) Tho e due to LUgorge- 
ment of the circulation up tream to the failing chimlicr— the Kick* 
ward failure of Hamson (p.ige 20) (2) those due to dcfieunt bloixl 
flow resulting pnmariK from inido<)uatL cmlnc output ind 
•lecondanh from compens.itor\ penphenl aasoconstnctioii— the 
forward failure of Harrison \Micinhehcart fiiliireisof leuteon it 
forward failure and the resultant clinical picture of cmlnc sliock 
tend to predominate, when the c-mliac in uflicimca is of in i lious 
ongm and chrome course, backward fulure and ihi coiiscquincis 
of passue engorgement are domiiimt 

Occunence of Cardiac Shock —Cmlnc shock mu U produced 
bv ana of tlie forms of heart fuUire providul tint tin. on it or 
intensification is suffiticnth abrupt lln. cJuif iircunist iiicis m 
which this occurs are the follow uig 

1 Acute left «ided failure Ihc out.tamling iwmpli n m\ 0 ' 

cardial infarction (page 453) IninduMlualswith ummin viUro u 
such manifestations of shock assuddm wcikiiiss pillor uid swi it- 
mg ma> be the oiilj imhcatioiis of nuotmlivl mfmtion In \U 
forms of left aentncular strain but e^pecnllj m lupirtmsion 
sudden failure of the lift a eiitriclo ui u proiluct. the pii tun of i mil u 
shock which is often issociatcil with itute puluioniri uliini llu 
rare instances of obstruction of the stuiotic mitnl \ iKi In i hill 
a ah e thrombus constitute classic il c\.unplts of t mb ii sluK 1 1 lu 

same is true of rupture of iii aortic c« p i p ipill ir\ mil < Ii or out 
of the chord® tendin® 

2 Acute right sided fiilurc Cmlnc shoik m tipiial foim 
dommates the picture of acute cor pulmonuh dnt to pnliuoinn 
embolism (page o53) 

3 \cute generahzeil cinliac fuUirt Hit oiistt of mmiulii 
fibrillation or another disturbance m rluthm mu pro hui vIkkIv 
I ha\ese\eral times known such cases (in whicli time m i\ In i mlln 
pam presumahlj due to coronarj insullitientx) to lie mutnltii foi 
coronary thrombosis Ihe injocirditia of diphtliiiii mtu iiho pro* 
duce cardiac shock 
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4 Acute Iijpodiistolic failure Quick1> developing tamponade 
of the heart due to pericardial cfTusion, especially purulent pen- 
carditn or hcmopencardium may be manifested by canine shock 

Clinical Picture —Detailed dcscnption of the sjmptomatologj of 
cardiac shock at this point is unnecessary 'Ihe symptomatology 
IS much the s vine as th it of shock due to peripheral circulatory 
failure vvlucli has alrciidy been depicted (page G20) The mark 
through which curdne shock is often, though not always, differen- 
tiated from live shock of pcripheril circulatory failure is by tlie co- 
existence of signs of jiulmonary or s\ steimc venous congestion T-hus, 
in mvocardial infarction the pallor, sweating, feeble pulse and other 
manifestations of shock are often accompanied by evidences of pul- 
monary congestion or combined pulmonary and systemic venous 
(.ngorgement, in pulmonary embolism, (lie shock is accompanied 
by swelling of the liver and neck veins and other consequences of 
sev ert Tight heart failure 

Symmetneal Penpberal Gangrene One very retro bul interesting mam 
fcstation of shock may be described Itcre because the best examples of the 
phenomenon that I Itsve observed have been m cardiac ehocK, namely, 
symmetneal periplteral gangrene 

It has long been knowai that obstruction of the mitral valve by a ball 
valve thrombus in mitral stenosis leads to intense coldness and pallor fol 
lowed by deep cyanotsia of the fingers toes and freciucntly the Up of the 
nose and tl e cars the process may go on to gangrene The picture is so 
typical that it may lead to suspicion of the diagnosis I have al:rf> observed 
the development of such symmetneal gangrene m very tight mitral stenosis 
without unp&ctica of a ball valve thrombus and in myocardial infarction 
In each instance the development of Uic peripheral gangrene accompanied 
the typical picture of cardiac shock Postmortem examination revealed 
that the peripheral gangrene— as miglit have been surmised from its sym- 
metry— was not due to cmboUtalioQ this hia been confirmed by Perry and 
Davje A clue to the pathogcnc«i3 of the gangrene was afforded by the 
observation’^ that while tlie veins of the neck were intensely engorged and 
bulging those of the upper extremities were liardly visible In one of the 
cases it was impossible to insert a needle mto an antecubital vein, in order 
to do so it w as necessary to cut down and direct observation revealed that 
tie vem was almost empty and apparently contracted Wlien a needle 
attached to a right'ancled glass tube (page 113) was inserted into the 
bul©ng, ccrvaail veins the blood rose over M cm while when it was put 
into the antecubital vcm the blood liardly rose at all 

From these observations it would seem tiiat what has happened is the 
following The extreme diminution m cardiac output has led to powerful 
peripheral vasoconstriction The latter tends to mamtain the arterial 
pressure and di\crt blood to the brain and heart but at the same tune 
produces so severe an ischemia of the extremities as to lead to gangrene 
liie symmetrical gangrene of general circulatory fadure is thus angiospastic 
in ongm and the unfortunate ■ode effect of a compensatory mechanism 
Incidentally lesser degrees of the same plicnomenon are often rev caled m 
patients with severe right heart failure by much greater engorgement of 
the cervical than of the peripheral veins 
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IV CIRCULATORY FAILURE AND SHOCK 
IN THE FEBRILE INFECTIONS 

Circulatory failure 13 an omnipresent danger 111 the severe acute 
infections In tv\ o of the infections, rheumatic fe\ er and diphtheria, 
heart failure is the outstanding form of circulatory insufficiency, 
and they have therefore been considered in preceding chapters In 
most of the other common infectious diseases, however, peripheral 
circulatory failure is more common, although there may also be 
cardiac insufficiency Before discussing the individual conditions, 
a few remarks on the circulation in fever may be m place 

The Circulation in Fever —As migJit be anticipated, the circula- 
tion IS profoundly affected in febrile states Du Bois’® found that 
in the infectious fevers— with the exception of tuberculosis in which 
the increment m metabolism is rather less— heat production (basal 
metabolism) rises about 7 2 per cent for each degree Fahrenheit 
above the normal This increment m oxygen consumption can be 
covered either by increase m the minute volume of the heart or by 
the utilization of a higher proportion of the arterial blood on each 
circuit through the capillaries The meager ev idence av ailable indi- 
cates that both mechanisms may be called into plav In four sub 
jects m whom fever was induced for tlierapeutic purposes by inoc- 
ulation with the organism of relapsing fever, Bjerloew and Lilje- 
strand^^ found that the minute volume of the heart rose propor- 
tionately to the oxygen consumption the oxygen utilization did 
not change Grollman” studied the effect of the injection of 
typhoid vaccine on the cardiac output Ilia observations indicated 
that during the period when the fever was first rising the increased 
oxygen consumption was covered entirely by increase in cardiac 
output Later, though the fever rose still higher the cardiac out- 
put fell and the increased oxygen consumption was mediated 
largely through increase m the arteriovenous oxygen difference 
In pyrexia induced by short wave radiation, Kissin and Bierman®^ 
that the veloevty of hlood flov. va greatly vneseased vw owe 
instance to more tlian 400 per cent of the normal value The aug- 
mented cardiac output indicated by their findings would seem ample 
to cover the oxy gen consumption without mv okmg increased arterio- 
venous oxygen difference, indeed, the blood flows so rapidly that the 
latter may well be sometimes decreased, though I am not aware 
that this has actually been demonstrated 

Vascular dilatation m inflamed areas- when these are extensive, 
as the intestine m typhoid fever— may be a factor of importance in 
inducing increase in cardiac output at least to the extent that tliere 
13 not counteracting vasoconstnction elsewhere The play of the 
cutaneous vessels, so important m the regulation of temperature 
41 
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and the pathogenesis of fever, is doubtless of significance m detcr- 
niiiiiiig the cardiic output in fever, tlie superficial vasodilatation 
so common when tlie temperature is rising would favor increase in 
cardiac output, ind constriction of the cutaneous vessels the reverse 
Unfortiinatelj , little positive information is available, largely 
because of tlie few determinations of cardiac output tliat have been 
carried out m fever 

Rise m temperature attcleratcs the kcari rale In 500 observa- 
tions of pyrevu produced by short-wave ridiation, Rierman and 
E n Fishberg*® found that the heart rate increased an average of 
8 5 beats per minute for each degree rahrcnhcit of temperature 
elevation Similarly, Rarctt* found tliat in pyrexia induced by 
external heat, tlie heart rate is accelerated by 8 to 10 beats per 
minute for each degree Fahrenheit above the normal According 
to experimental data obtained by Bazett, the pulse rate is relatively 
faster when the temperature is rising tJian when it is falling The 
electrocardiogram shows that the increased heart rate is a sinus 
tadij cardia It is partly due to the direct effect of the high tem- 
perature on tlie heart, for the excised heart is accelerated by warm- 
ing Presumably tlie increased venous return due to the vaso- 
dilatation aUo rcllexly accelerates the heart However, the tachy- 
cardia of febrile diseases carmot be wholly a consequence of the 
elcv ation of temperature, for it vanes w ith the nature of the sickness, 
e tlic relatively slow pulse of typhoid fever It seems evident 
that other, as yet obscure factors enter Witli the onset of cu^ 
culatory failure, the pulse generally becomes accelerated out of 
projiorlion to the temperature 

In pyrexia produced by short-wave radiation, Bierman and 
E H Fishberg found that the ti/stolw preeaurc usually shows a 
slight elevation followed by a gradual fall to a point below the 
original level The diastolic jyressure at first falls, but after an 
hour or two rises until it reaches a point slightly above the original 
value, these findings would indicate iiutial vasodilatation followed 
by vasoconsliiction In the acute fevers of human disease, the 
arteruil pressure is often little affected, but may vary in eitiier 
direction Sometimes there is depression of botli systolic and 
diastolic pressures, which is inconsiderable in the absence of cir- 
culatory failure The drop in arterial tension is probably due to 
peripheral vasodilatation On the other hand, Robertson and 
Bock*® and Bazett have desenbed cases of wound infection during 
the World War m which the sy stolic pressure rose as high as 150 mm 
for days Bazett interprets suda a rise m pressure as a manifes- 
tation of widespread vasoconstriction which serves to force more 
blood through the dilated vessels of the infected area I have 
repeatedly seen similar rises m systolic pressure at the onset of 
“stheme’ cases of pneumonia, puerperal sepsis, and other acute 
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fevers (page 665) In these cases, the pulse is apt to be bounding 
and the pulse pressure increased, the presence of capillary pulsation 
maj indicate ^e peripheral vasodilatation 
(Opposing influences act on the circulating blood volume in fever 
In at least many forms of pyrexia tliere is an increased loss of water 
from the skin and lungs which tends to decrease the plasma volume 
unless replaced by augmented fluid intake On the other hand, 
Barcroft (page 61)- found that elevation of environmental tempera- 
ture tends to increase the blood volume by mobilization of red cells 
from the reservoirs, it is to be presumed that the same tendency 
results from elevation of body temperature m fever Gibson and 
Kopp*® have made careful observations of the blood volume in 
artificial fever In fever produced by the injection of typhoid 
vaccine they found little change in plasma volume but a slight 
increase m total blood volume due to influx of erythrocytes But 
when Gibson and Kopp produced fever by the Kettering hypertherm 
or diathermy, there w as a marked reduction m plasma v olume which 
was only partially offset by mobilization of red cells so that the total 
circulating blood volume declined m the large majority of patients 
Unfortunatelv, only fragmentary data are available regarding blood 
volume in the fever of disease Eppinger and Schuermeyer” 
observed that in a malarial paroxysm with temperature of 40 5® C , 
the circulating blood volume rose from 3420 to 3930 cc Wollheim*” 
found the circulating blood volume increased in fever In scarlet 
fever, typhoid fever, and erysipelas without evident circulatory 
failure, (jrunke** detected no constant change m the circulating 
blood volume, m some cases, it was increased, but in very severe 
typhoid or scarlet fever, it was diminished Because of the r61e of 
oligemia in the pathogenesis of shock, it seems important to collect 
more data on the blood volume in severe infections 
Types of Circulatory Failure m the Acute Infections —Until the 
end of the nineteenth century, circulatory collapse in the acute 
infections was all but universally attributed to cardiac weakness 
Laennec™ had observed that the heart sounds often become feeble 
at the height of the infectious fevers This observation was con- 
firmed by Stokes“^ who also furnished, especially on the basis of 
his observations m typhus fever, a classical description of the rapid 
and often irregular heart action, fetal heart sounds, impalpable 
apex impulse, feeble radial pulse, pallor on sitting up, and other 
phenomena of circulatory collapse m the acute infectious diseases 
He attributed the circulatory collapse to heart failure This con- 
ception remained dominant until the work of Romberg'®* and his 
associates at the end of the last century These mvestigators 
inoculated animals with pneumococci, diphtheria, and pjocyaneus 
bacilli At the height of the infection, the animals developed 
circulatory collapse similar to that occurring m human infectious 
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diseases Romberg and his co \\orkcrb were nble to show tint tlie 
cirtuhtory collapse w is not due to canine wtikncss lor when 
they compressed the aorta or increased tJic \ enous return to the 
heart by means of ippropmtc ibdomiml massage tlie arterial 
pressure rose quite as uauch as m normal controls— a demonstration 
that the heart w is still functionally competent lud not responsible 
for the circulatory f iilure 

In other instances the symptoms of the circulatory insufficiency 
are clearly those of heart failure In the acute infections there- 
fore two primary \anetic3 of circulatory failure are to be differ 
cnti ited VIZ liuirt failure and peripheral circulatory failure 

Heart Failure m the Acute Infections —It lias generally been 
assumed without direct proof tint heart failure in the infections 
results from myocardial damige due to to\ic products A con 
tributory factor may also be tlie increased work of the heart iiccessi 
tated b\ the eleaation of temperature (page G57) In pneumonia 
there is also tlic effect of ano\cmuand the incrcasetl resistance a\ Inch 
the right \entriclc must overcome a similar factor operates m 
whooping cough 

Llcctrocardiographic studies have shown that mvocardial damage 
IS more common in tlie acute infections than was previously appre- 
cntcxl Nevertheless apart from the two outstanding exceptions 
of rheumatic fever and diphtheria it is to be cmphasizc’d that 
circulatory failure m the acute mfcctions is much more often of 
peripheral than of cardiac origin Most lustauces of definite and 
severe heart failure that I have observed to develop m the course 
of acute infections have been elderly mdividuals and in a high 
proportion there was good reason to believe that there was arterio- 
sclerotic or other disease of tbe heart prior to the onset of the infec- 
tion The jirenotisly healthy heart rarely yitee uay during an aaife 
iiifeciious disease other tlian rheumatic fev er or diphtheria 

The clinical picture of cardiac failure m the acute infections is 
tlie conventional one of insufficiency of the left and right sides of 
the heart either may predominate Most often tlie picture is 
complicated by evidences of ])cripberal circulatory failure Respi 
ration is accelerated out of proportion to the fever and there may 
be dyspnea Cardiac pain and substernal oppression are rather 
rare complaints palpitation is much more common Cyanosis 
may be present but is usually of a grayish hue because of simulta 
neous peripheral circulatoiy failure Swelling of the superficial 
veins and liver may testify to the insufficiency of the right heart 
Unless brought on by large infusions pitting edema is very rare 
possibly largely because fever militates against water retention and 
tlie duration is usually but short The apex beat if previously 
strong becomes weak more diffuse or impalpable The pulse is 
rapid small m severe cases thready and perhaps irregular 
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Enlargement of the heart to the right or left maj be demonstrable 
by percussion or displacement of the ape\ beat, but one must guard 
against deception bj upward displacement of the diaphragm due 
to meteonsm, which is much more common than cardiac enlarge- 
ment sufficient to be demonstrable b> percussion Apart from 
cases with heart block, rare except m diphtheria the heart rate is 
accelerated over its previous tempo, premature contractions auricu- 
lar fibrillation or other arrhythmias may develop, but are usually 
transitory and fluctuate rapidly It is to be emphasized that 
distant heart sounds, fetal heart sounds, feeble pulse and rapid 
cardiac rate are not necessarily evidences of myocardial damage, 
but may, and most often do, result from peripheral circulatory 
failure ^lurmurs due to relative insufficiency of the auriculo- 
ventricular orifices may dev elop, but because of the great frequency 
of systolic murmurs can be suspected as such only when other 
evidences of heart failure develop coincidently Gallop rhythm, 
when present, affords an unequivocal sign of heart failure, and 
should be carefully sought for in every acute infection The 
arterial pressure is generally depressed but other than terminally , 
13 not affected as much by heart failure as by peripheral circulatory 
failure The electrocardiogram often affords evidences of myo- 
cardial damage in infectious disease where symptoms or physical 
signs of heart failure are not evident 
Peripheral Guculatory Failure m the Acute Infections —Except 
in rheumatic fever and probably diphtheria circulatory failure in 
the acute infectious diseases is far more often of peripheral than 
of cardiac origin The clinical picture is fundamentally the same 
as that of traumatic shock, and differs only in those details which 
are due to tlie terrain of the infectious disease in whicli it occurs 
The skin is pale and sweating, such cyanosis as develops is grayish 
and subordinated by the pallor, there may be cutis marmorata, and 
the extremities and nose are cold "While the breathing may be 
rapid, there is little or no dyspnea and no orthopnea The pulse is 
feeble, thready, usually rapid andpreviousdicrotismmay disappear 
The suyerfieial veins ate collapsed and the verwius ptessuce is 
low This symptomatology, especially the state of tlie veins, 
leaves no doubt that the patient is suffering from peripheral circula- 
tory failure, and not from cardiac insufficiency , a differentiation of 
the greatest practical importance 

Much remains to be learned concerning the pathogenesis of periph- 
eral circulatory failure m the acute infections As a result of the 
above-mentioned investigations of Romberg and his associates, 
they concluded that the circulatory failure was due to injury to 
the vasomotor center by toxins This conclusion was based on 
their finding m animals in circulatoiy collapse following infection 
wath pneumococci, pyocyaneus, or diphtheria bacilli, tliat (1) the 
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heart was function illy competent (pigeCSO) and (2) therefle\ nsem 
blood pressure, which normally follows stimulation of certain sen 
soiy nerves did not occur They eroncludcd that these findings 
indicated a depression in the irritibility of the vasomotor center 
This conclusion was accepted for some jears but subsequent work 
has shown it to be unfounded The experimental work cited on 
page 028 which dcmonstritcd tJiat m tnumatic shock the periph 
era! arterioles are not onlj not relaxed but ictinilly constricted 
would seem to hohl equally well for peripheral circulatory failure 
of infectious origin hurtlicr Porter and 1 ratt*‘ showed that the 
vasomotor center is especially resistant to damage resulting from 
infections with the diphtlicna bacillus and the pneumococcus 
Lven when the animals were in severe circulatory failure if the 
blood pressure was elevated bj saline infusions the function of 
the vasomotor center promptlj unprovcil indicating that an> 
diminution m irntabiiitv was a consequence of tlie low blood pres- 
sure and not a cause of it In later experiments Porter and NW 
burgh** produced pneumonn m dogs cats and rabbits They 
judged the condition of the vasomotor center from the reflex change 
m blood pressure resulting from stimulation of the depressor the 
sciatic and the central end of the vagus nerves ind found that it 
was normal At present therefore there would seem to be little 
if any evidence tint circulatory collapse and fall m blood pressure 
in infectious diseases is due to damage to the vasomotor center 
The close similarity between the symptomatology of circulatory 
collapse m tiic infections and of traumatic shock suggests strongly 
that the former is also due to diminution in circulating blood 
volume Unfortunate!} however this is as jet hut a theory for 
there have been so f ir as I am aware no sj stcmatic studies of the 
circulatuig blood volume in circulatory collapse resulting from 
infections Grunke** found that the circulating blood volume is 
almost alwaja diminished in severe typhoid and scarlet fever but 
his patients had no circulatory f iilure In experimental peritonitis 
Oh/ecrona** found tint circulatory failure follows fall in circulating 
blood volume If circulatory collapse m the acute infections is 
actmliy mednted by <leeredse la aecuhttng hhod \obime the 
mechamsm of the latter remains to be elucidated An important 
factor in many instances is doubtlc^ excessive loss of water and 
salts through the skm and lungs which is not replaced because of 
anorexia vomiting or diarrhea In keeping with an important role 
of this factor is the observation of Gibson and Ivopp** in artificial 
fever that loss of water at a rate exceedmg 5 cc per hour per kg 
body weight mvolved serious risk of peripheral circulator} failure 
Edmunds and Johnston** have published experiments indicating 
that peripheral circulatory failure m diphtheria is due to action of the 
toxm on the mj oneural junction of the splanchnic nerves with result 
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ant stagnation of blood m the relaxed splanchnic \ essels and dimi- 
nution in the venous return to the heart It is conceivable, but not 
proved, that circulatory failure m some of the infections may be due 
to damage to the capillaries by toxic substances, with consequent 
stagnation of blood in the dilated vessels and extravasation of 
plasma The entire field is obscure and in need of inv estigation 

PliEUMONU 

An omnipresent danger m pneumonia is circulatory failure 
This may be of either peripheral or cardiac origin It ivill be seen 
in the following that when the heart is healthy at the start of pneu- 
monia, the danger of cardiac insufficiency is very remote and when 
circulatory failure develops it is almost aln aj s of peripheral genesis 
On tlie other hand, in the common cases in which pneumonia devel- 
ops m an individual with antecedent heart disease, cardiac failure 
13 the chief danger * 

The Work of the Heart m Pneomoma —The heart is called upon 
to perform increased work in pneumonia In experimental pneu- 
monia in dogs, Harrison and Blalock** found tJiat the cardiac output 
IS generally increased Altliough detenmnations of cardiac output 
m pneumonia in man are not available, there seems good reason to 
believe that this circulatorv variable is increased The grater 
ox>gen consumption entailed b> the fever presumably necessitates 
augmentation of cardiac output to the extent that it is not covered 
by higher arteriovenous oxjgen difference '^nd inasmuch os the 
blood flowing through the consolidated lobes is defectiv el> aerated, 
a useful purpose would be served bj increasing flow not only 
through tlie remainder of the lungs, but also through the sj stemic 
circuit, so that a greater volume of flow could counteract the 
decreased oxjgen saturation of the arterial blood That such 
increase in blood flow through the intact lobes actually occurs is 
strongly indicated bj Gross ” demonstration of great vascular 
dilatation in these parts of the lungs 

A second factor in increasiiig the work of the right ventricle is 
greater resistance in the pulmonary circuit The presence of aug- 
mented pulmonary resistance and consequent hj’pertension m the 
pulmonary arterj is revealed by the accentuation of the pulmonic 
second sound that is generally audible The increased resistance 
to blood flow through the lungs seems to be largely the result of 
impermeability of the minute vesseb m the consolidated areas 
Kline and Wmternitz®* showed, m both human and experimental 
pneumonia, that an injection mass penetrates but little into a 
consolidated lobe as a result of fibrin thrombi m the capillaries and 
even some of the larger v^sds Similarly, Gross” showed, by 
means of roentgenograms of pneumonic lungs previously injected 
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%\ith 1 ridio-opnquc Mibst.'incc tliat 'Ncrj little blood can flow 
through tlic consolidated lobe It is this ischemia that accounts 
for the color of graj hepatization As meiitioiieil abo%e Gross 
showed that the dtcrcisc in the \ oscular bed of the consolidated 
lobes lb to some extent corapenwted by vasodilatation m the other 
lobes But with extensive consolidation this can scircelj be equal 
to tlie diminution m the vascular bed in the involved areas Ihe 
right ventricle is thus foicwl to pump an abnormallj large minute 
volume tlirough a narrower stream bed with resultant increase in 
work 

Myocardial Damage m Pneomonia — \ot onh is the work of the 
hcirt increased m pneumonia but some have thought tliat the 
heart muscle often suffers signifit int functional imp iirmcnt Using 
careful roentgenological meUiods Lev> * found evidence of cardiac 
dilatation in hi 0 per < tut of p lUentsw »th lobar pneumonia Stone*” 
detected dihtition of Uit right ventricle in 30 4 per cent of 89 
necropsies m lobir pneumonia ind in 30 per ednt of 112 necropsies 
in broiichopncumom i However slight or moderate dilatation can 
scarceh be eonsi lercsl good evidence of notable functional impair 
nient of the he irt it inaj intrclv be part of the mechanism of 
adaptation to incretscd work of n licirt still in good condition 
(pige20S} Ilistolugicallv Stone observed parenejnmatous fittv 
or hyulme digcnentioii or cellular inhltration ui 79 3 per cent of 
Ins iiccropaies Tins finding likewise telU little rcganhng die 
functional capacity similar observations cm be unde m almost 
am febrile disease wbetber or not heart failure is present In 
experimental pneumonia Newburgh an<l Porter*’ found no evi 
deuce of cardiic insufHcicncv the heart of ui minial dying of 
pneumonia coiitractctl as well when perfused with pneumonic 
blood as that of a normal control 

Electrocardiographic Fmdmgs —By making daih records Master 
Roininoff md Jafle** detected electrocardiographic clianges in over 
93 per cent of 4a patients with lobar pneumonia Taking less fre 
quent records Dc Graff 'Iravell and Yager * foun 1 electro-cardio 
graphic ihnormnlities in about one-ejuarter of 975 cases The 
clviuRcs were almost always truisetocy and included pcolon&a 
tion ol the P ii interval (complete block is i grcit rarity) abnor 
mahties of the R T transition flat inverted ind large T waves 
intraventricular block and v orious arrhy thmns Master and Ins 
associates found eli inges m the R T interval sunul iting those seen 
in coromiry artery disease to be the most common ibnorinahty 
in the electrocardiogram De Graff and his co-workers observed 
auricular fibrillation or flutter m 5 per cent of their patients par 
oxysmal tachycardia less often A xeinvrkable feature of the elec- 
trocardiographic changes in pneumonia is that they are apt first to 
appe ir after tlie temperature lias dropped to normal this was true 
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m 78 per cent of the instances of prolonged auriculo-\ entncular 
conduction time observed bj De Graff et al The electrocardio- 
graphic changes presumably b^peak mvocardial damage of toxic 
origin ^^^llle anoxemia may also damage the heart muscle, it is 
hardlj concerned vv hen the changes first appear after deferv escence 
Jloreover, Master and his associates were unable to affect them by 
the administration of oxjgen The reason why electrocardiographic 
abnormalities often first appear after the fever has subsided is 
obscure The prognostic significance of prolonged auriculo-v en- 
tncular conduction and changes m the R T interval does not 
appear to be great On the other hand, the findings of the above- 
mentioned investigators indicate that the mortahtj is higher in 
patients with auricular fibrillation or flutter or inversion of the 
T waves, although there are manj recoveries in the presence of 
these findings 

Circulatory Measurements — Most patientsvvith pneumonia have 
iachycardxa De Graff and his associates found that the heart 
rate tends to remain fairly constant during the febrile period of the 
disease and that, as has long been known, ver> fast rates are asso- 
ciated witli a poor prognosis The outlook is gloomy when the 
ventricular rate exceeds HO in an adult De Graff’s observations 
indicate that the later in the disease marked tachjcardia develops, 
the worse the outlook This is probablv due to the tachjcardia 
being an expression of severe toxemia, massive bacteriemia periph- 
eral circulatory failure, or such complications as endocarditis or 
pericarditis, m other words, the heart is rapid because the patient 
IS doing poorlj , rather than that the patient is sinking because his 
heart is rapid It is interesting that De Graff observ ^ heart rates 
of under 90 per minute in 11 3 per cent of his patients including 
some with high fever Marked bradycardia, even less than 50 per 
minute, is common during convalescence, the same is true of sinus 
arrhj thmia 

The arterial tension often exhibits little cliange in the course of 
favorably progressing cases of lobar pneumonia, but the tendency 
IS to elevation of pressure In 17 such cases, Perry “ found that 
the systolic pressure before the crisis averaged 128 1 mm , as con- 
trasted with 117 9 mm when they left the hospital, the diastolic 
pressure was practically the same on both occasions This slight 
rise in sjstolic tension isi presumablj attributable to increased 
cardiac output associated with fever It was formerlj widely held 
that the outlook is poor when the pulse rate exceeds tlie sjstolic 
pressure in adults (Gibson’s rule), but this rule has many exceptions 
Newburgh and Mmot** found t^t the inversion is almost alwajs 
due more to elevation in pulse rate than to fall m sjstolic pressure, 
and tliat ev en in fatal cases the arterial tension is often maintained 
until close to the end In patients with pre-existing essential hj per- 
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tension, the blood pressure often, but not ahvajs, falls sharply 
during lobar pneumonia, the same is true in otlier febrile illnesses 

King, Ilitzig, Bullowa, and the writer** found the circiilaUng blood 
toluvie, arvi’to-tongue and ann-to-lu»g cirailation limes, and lenovs 
pressure w itliin normal limits m lobar jmeumoma witliout circulatory 
failure 

Heart Failure in Pneumonia —In the foregoing, ue ha\e seen 
tliat the work of the whole heart, and more so of the right ventricle, 
13 increased m pneumonia This augmented work is performed by 
a mjocardiuin whicli is often damaged Nevcrtlicltss, it is to be 
emphasized that kiarl failure is decidedly unusual in pahcnls rcho 
enler hhar pneumonia uith a healthy heart In 75 patients studied 
at tlie height of lobar pneumonia, Hitzig, King, Bullowa and the 
writer** found the ann-to*tongue circulation time prolonged above 
normal in onlj 8, of whom 4 liad pro-existent heart disease E^en 
the cases with transitorj auricular fibrillation or flutter most often 
do not exliibit the signs of heart failure in the form of passive con- 
gestion of the lungs or systemic veins In tlic pist, heart failure 
was considered common, a conception which led to the routine 
digitalization of patients with pneumonia But witli the clearer 
differentiation of peripheral circulatory failure, it beoime evident 
that peripheral and not cardiac mechanisms were responsible for 
the dreaded complcv of cold extremities, grayish cyanosis, tacliy- 
cardia disproportionate to the fever, and fall m blood pressure 
In most of the instances of cardiac failure in pneumonia that I have 
seen, there was evidence of previous heart disease, or this was re- 
V caled at necropsy m tlie form of coronary arteriosclerosis Brooks** 
found that heart failure is the most common cause of death when 
pneumonui develops in patients with antecedent cardiac disease— 
quite the reverse of what is seen vihen Uie heart vias previously' 
healthy 

When the heart fails m pneumonia, tins is most often revealed 
by swelling of the systemic veins and rise in venous pressure Right 
lieart failure sufficiently pronounced to result in swelling of the 
liver or dependent edema is a great rarity apart from patients vvitli 
evident pre-evistmg heart disease Gallop rhytlim may appear 
but 13 unusual At least a large majority of instances of generalized 
pulmonary edema complicating lobar pneumonia are not due to 
heart failure In 8 such cases, 7 of which were fatal Hitzig, King, 
Bullowa and the writer** found the arm-to-tongue circulation time 
normal, which speaks strongly against passive congestion of the 
lungs due to heart failure It is conceivable that the edema results 
from tlie concomitance of high pressure m tlie pulmonary circuit 
(page 6G3) and increased permeability of the capillaries due to 
anovemia That a tendeniy to transudation presumably due to 
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capillary damage often exists at the height of lobar pneumonia is 
indicate by the findings of Maver“ and Schwartz and Harrison, “ 
who demonstrated the presence of occult edema of tlie skin by 
means of the elastometer and the intracutaneous salt solution test 

As would be anticipated, heart failure affects the prognosis m 
lobar pneumonia very unfavorably Thus, Kastlm and Maclach- 
lan“ found that of 34 patients with pneumonia and elevated venous 
pressure, 24 died, while of 37 patients with normal venous pressure, 
only 5 succumbed But even with very severe heart failure, there 
may be recovery 

Peripheral Circulatory Failure in Pneumonia —Shock is one of 
the developments most to be feared m pneumonia Except for 
patients with antecedent heart disease, whose greatest danger is 
heart failure (see above), death in pneumonia is generally ushered 
m by peripheral circulatory collapse The picture is the classical 
one of shock ashy pallor sets in, the cyanotic parts become grayish- 
blue, the features are sunken, the extremities and skin in general 
are cold in relation to the rectal temperature and covered by clammy 
perspiration, the previously bounding pulse becomes small and 
rapid out of proportion to the temperature, the peripheral veins 
are collapsed, and the venous pressure is low While the arterial 
pressure sooner or later falls, unless recovery is rapid, it is surprising 
m some cases how long the arterial tension is maintained after other 
features of shock are pronounced Kempmann^^ mentions cases m 
which the diastolic pressure falls very low with much less depression 
of the systolic tension, I have made the same observation Periph- 
eral circulatory failure m pneumonia is, of course, very menacing, 
but recovery from even severe collapse is not rare, especially when 
the latter occurs early m the disease 

Circulatory collapse may occur at any period of pneumonia even 
after the crisis Rarely, the onset of the disease is accompamed 
by circulatory collapse It may appear with startling suddenness 
in a patient who seems to be running the conventional course of the 
disease, and cause death simulating that of pulmonary embolism 
Both shock aTid heart faiiure may occur uj the same patient 

Little is known concerning the cause or mechanism of peripheral 
circulatory failure in pneumonia Brooks** believes that sepsis is 
the most common basic factor in causmg death m lobar pneumonia, 
and It may be that toxic damage to the capillaries is important m 
bringing about the circulatory failure Anoxemia mav also injure 
the capillaries In studies on the reactions of the small vessels of 
the skin to epmephrin and stroking. Perry*® found evidences of 
impaired efficiency in the contractility of the capillaries at the 
height of lobar pneumonia Other findings likewise indicating 
capillary damage m pneumonia are cited on page 666 Periy 
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behe\ es that the iiiipnireil lontnctility of the capjlKncs is significant 
m the circul itor> failure of pucumonm 

Whether decrease m circul itmg blood volume participates m the 
patliogciicsis of peripheral circulatorj failure m pneumonia remains 
to be determined hut to tbt writer seems a priori jirobahle In 
pneumonia without circulator} failure the circul iting blood volume 
13 normal (King IIit?ig Bullowi anti the writer**) But this tells 
nothing regarding the blood volume ui cases vvitli collapse Sunder 
man, Vustin and Cam ic '* sliowcd tli it the well known livpoclilor 
eniia of pneumonia is accompamed hv tlecrt isc m tlie toPil b ise an I 
elcctrolj te c-onccntrations 111 the serum and thismaj well constitute 
a factor predisposing to decrease in circulating blood volume 
(page b47) In some inst ttices with cvtciisive hcpatizition the loss 
of plasma into the pneumonic lungs ma> constitute i serious dram 
on the blood voUuuc Stutlics on the blood volume tlunng collapse 
are needed 

TYPHOID FEVER 

After a protractctl period of severe toxemia m tjphoid fever 
evidences of circul itorv fulurc uiiy appear These are espcciallj 
apt to develop in older individuils aher seven) weeks of severe 
illness and are rare before the cml of the second week Most often 
Uie circulatory sjinptoma are commingled with more dramatic 
nervous and didummal manifestations so tint thc> miy escape 
detection b> other than a careful trimmer From the literature 
it would ippear that cvtcuUlor> fulurc la much leas common since 
patients witJi tj phoid fever have been adequately nourisJied 

Because of the dejiressed sensonum of most of the patients the 
first suspicion of circulitory failure is usuallj derived from tlie 
objective signs Acceleration in pulse fall in arterial pressure 
and coldness of the extremities arc the most common lucre ise in 
pulse rate jxjri pasjw with decline in temperature has long been 
considered as i particularly ominous indication that the circulation 
IS giving wav cspeciallj when as is so often the case lu tjphoid 
fever tlie nulse liis been relativtlv slower than would correspond 
to the pjrevia ^\ltll tin, development of circulator} failure dicro- 
tism mav diminish or disappear The sjstohc murmur of relative 
mitral insufficiency ma) develop and in severe cases embrvocardia 
or gallop rhjtlim appears 1 vidence of dilatation of the heart is 
hazardous to interpret because of the frequent displacement of the 
diaphragm and with it the heart bj metcorisin Mith severe 
collapse the patient becomes veiy pale and the lips and fingers mav 
acquire a gra> isli ejanosis lachjcaidia and djspnea are frequent 
but may result froui various causes in these severelj ill patients 
Evidences of right heart failure in tlie form of engorgement of tlie 
veins and liver and cardiac edema are rare Iljpostatie congestion 
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at the bases is common m long-standing cases, but generalized pul- 
monary edema is rare other than as a terminal manifestation, one 
must beware not to interpret bronchitic rales as evidences of pul- 
monary engorgement 

Often, circulatory failure is but a transient episode m the course 
of tjphoid fever, detected only by the evimmation of the pulse, 
heart, and blood pressure, and passing away within a few daj s In 
other cases, the circulatorj collapse becomes more menacing, and 
IS the chief cause of death m elderly indi\ iduals 

Pat/iDjenesis —Clinicians of the last century mostlj attributed 
circulatory collapse m tjphoid fever to damage to the heart muscle 
—typhoid myocarditis This interpretation was largely based on 
the detection at necropsy of a flabby heart Histologically, cloudy 
sw elling, deposition of fat, increase in the pigment granules at the 
poles of the nuclei, vitreous change, and various other regressive 
changes are common, occasionallv in cases of some duration 
interstitial infiltration is more or less prominent (Fiessinger and 
Rodowska”) In some cases gallop rhythm reveals the cardiac 
weakness More recent studies have shown that electrocardio- 
graphic evidences of myocardial damage are not rare Thus 
Brow'* found that in 14 of 65 cases of typhoid fever, the P- R interval 
was prolonged to between 0 21 and 0 28 second the prolongation 
of the conduction time generally developed m tlie second and third 
weeks and most often lasted two to four days Rare instances of 
transitory complete heart block in ty phoid fev er bav e been observ ed 

Despite these findings circulatory disturbance m typhoid fever 
IS rarely the result of cardiac weakness alone The above-men- 
tioned anatomical and electrocardiographic abnormalities are found 
with perJiaps equal frequency m typhoid fever W'lthout circulatory 
failure other than terminal , and indeed the flabbiness of the heart 
muscle on which the older clinicians laid so much stress is probably 
only a sign of rapid postmortem decomposition The clinical 
picture in most cases also speaks unequivocally for the view that 
the circulatory failure is pi^ominantly of peripheral and not of 
cardiac origin, the systemic veins are collapsed (venous pressure 
unmeasurably low in a recent case) and symptoms and signs of 
pulmonary engorgement, other than terminal pulmonary ^ema 
are absent Evidently, though the heart muscle is damaged, the 
peripheral circulatory failure in most cases decreases the venous 
return to the heart sufficiently for the weakened organ to master it 
and prevent the development of engorgement Further, the possi- 
bility IS to be borne in mind that some of the manifestations of ca> 
diac weakness may result pnmanly from decreased coronary flow 
due primarily to the peripheral circulatory failure 

Another variety of circulatory disturbance is that developing 
after the fever has disappeared and convalescence is established 
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During this period, many patients present a striking lability of die 
pulse, which IS readily inllucnccd by exertion or excitement In 
some instances, this lability is exaggerated, and die patients com- 
]}Iaiii of palpitation and dyspnea on slight exertion In such cases, 
the pulse rate may be 100 or more for weeks or e\en months after 
defer\ escence Sooner or later, the symptoms clear up Whedier 
they are related to myocardial damage sustained during the febrile 
period or arc of other origin remains to be determined Wliether 
typhoid fever leads to permanent cardiac damage also requires 
investigation Thayer'*' found that systolic murmtirs developing 
during the febrile period not rarely persist, and that 12 of 188 cases 
of typhoid fever followed for from tlirec months to fourteen years 
after convalescence showed some indication of organic cardiac dis- 
ease Of those m whom an apical systolic murmur was detected 
during the attack, nearly one-quarter later exhibited evidences of 
organic damage to the heart. 
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CHAPTER WXIir 


THE 'IREATMENr or HEART lAILURE I GENERAL 
AIEASURES 

REST 

Rest is a cardinal therapeutic measure «n heart f ulure, one \\hich 
often suffices uii iidcd to restore compensation Some of the reasons 
for tile >aliic of physical and mental rest m heart failure are as 
follows 

1 Exertion mvoKcs increase m caixhic output and usually also 
in mean urtcnii! pressure, as a result of which the work of the heart 
IS increased T.here is strong evidence (see Clwpter \I\) that 
most instances of heart failure result from changes in tlie state of 
the heart muscle analogous to, if not identical with, what is known 
OS fitigue III skeletal muscle Avoidance of tliS increment m the 
work of the heart due to exercise or excitement tends to prevent 
such fatigue 

2 Exertion is 'iccouipatucd b> acceleration in rate with conse* 
quent shortening of tlic diastolic rest period Abbreviation of the 
diastolic rest pcncKl is especially deleterious wlicn the heart is 
hypertrophied or dilnte-d, for with hypertrophy the diffusion of 
oxvgeii to the center of the fiber tikes longer nnd with dilatation 
more oxy gen is required for a given amount of work (Chapter \I\) 
Through slowing the heart and prolonging diastole, rest favors 
adetiuate metabolic cxcliaiige between the blood and mu'scle fibers 
and consequently tends to avert fatigue and failure 

3 Dll itation is part of the mcdianism by whicli the heart 
accommodates itself to increased work But with dilatation the 
efficiency of the heart muscle is decreased m the sense that more 
oxygen is consumed for a given amount of external work Further 
kws <?/ efficiency by the tailing }icart ts obi lousi} undesirable and 
through averting such a decrement m efficiency due to the dilatation 
with increased work, rest combats fatigue and failure 

4 In left-sided failure, the increas^ venous return engendered 
by exercise augments pulmonary engorgement The resulting 
dyspnea entails greater work of the respiratory muscles and thus 
fur^cr increases the work of the heart Rest thus not only dimin- 
ishes tlie work of the heart directly but also removes the secondary 
increment in cardiac work due to the pulmonary engorgement 

5 The requisite food and fluid intake 13 less at rest which diinin 
ishes the work of the heart (page 681) 

( 674 ) 
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6 In mdi\ iduals with hj'pertension, there is often a striking fall 
m blood pressure on restj which qiares the heart 

7 The sjTnptoms of heart failure appear when the work of the 
heart approaches close to its maximal functional capacity Rest 
thus tends to remo\e the djspnea, edema, swelling of the liver, and 
other manifestations of cardiac insufficiency in proportion to the 
decrease in the work of the heart 

In the light of these facts, it is not surprising that heart failure 
often improves strikingly on bed rest alone Many individuals 
with longstanding cardiac lesions learn this so well that when 
djspnea, swelling of the feet, or other evidences of heart failure 
appear, they take to bed of their own volition No great problem 
regarding the desirability of bed rest is usually presented by the 
patient with initial heart failure, the treatment of such an indi> 
vidual 13 best started with bed rest In cases with severe heart 
failure, of course, there is no alternative, and the follow-up studies 
of Davis^ indicate that longer periods of bed rest tend to be followed 
by more prolonged freedom from recurrence of heart failure But 
even m mild failure, economic conditions permitting, it seems wise 
to the writer to initiate treatment by putting the patient to bed, 
ev en though for only a few daj s The duration of the stay m bed is 
then decided in accord w ith the progress of the case 

The difficult problem is how to manage patients who, despite 
bed rest, appropriate diet, fluid restriction, digitalization, etc, 
remain with a limited cardiac reserve In such cases, the clinician 
must be guided by the subjective sensations of the patient, none 
of the many ‘ functional tests of the heart ’ are of assistance m 
practice The general prmciple is that the patient must confine 
himself to such efforts as experience has shown him do not bring 
on dj'spnea, palpitation, cardiac pain, weakness, or swelling of 
the feet Unfortunately, this ideal cannot alwajs be attained 
It may not be possible for a salesgirl with mitral stenosis to give 
up her work even though she has swelling of the feet every evening 
which clears up durmg the night, or for a mother to stop look- 
ing after her household even though siie must occasionally sit 
dow n to catch her breath One is often astounded how many j ears 
individuals may carry on with a limited functional capacity of the 
heart It is an important part of the physician s duty to advise 
such persons how to obtain the maximum rest while still continu- 
ing to carry out their duties For instance, many an individual 
with a cardiac lesion who works all week will go to the beach on 
Sunday when he would be much better advised to rest at home 
Especially important for cardiac patients, notably those w ith h> per- 
tensive and arteriosclerotic heart disease, is rest after meals In 
addition to the functional capacity of the heart, the nature of 
the cardiac lesions is of signtflcance when deciding upon the dura- 
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tion of bed rest Indu ufuils ^Mth rlieum-itic heart disease should 
remain in bed as long as then, is c\ idence of acti% it> of the rheu 
matic process c\cn though tliere arc no svmptoins of heart fulure 
(p igc 707) Ihc s luie is true following coronary tlirombosis 

It slioiild be remembered tliat when the patient is put to bed he 
should secure as far as feasible mental as well as physical rest 
In fact m individuals with hjperteiisive or arteriosclerotic heart 
disease the mental rest may he more important than the ph>sical 
It “.hould be remembered that »f A business man is worrying about 
absence from his iffairs the rest mav he doing him more barm 
tlian good 

While in he'd tlie cardiac patient should be propped up in the 
position in which he is most comfortable Adequate sleep is an 
intrinsic part of rc'st and should be secured altliougb this is often 
difficult because insomnu is i common symptom of heart failure 
Barbital dcrivatncs or ifnecessirv opiates may be used, morphine 
IS often indispensable ami sometimes imti ites remarLible improve- 
ment In cinliac psychoses paraldchjdc may be required 

Altliuu^h rest is tlic prime therapeutic metsurc m heart failure 
great harm &.ui be w rouglit by prescribing it w hen tliere is a uardiac 
lesion but no heart failure Many mdniduals with faultlessly 
compensated valvular lesions or hypertension or with coronary 
artenosclero is develop a superaddal an.\iety neurosis with fear 
of dropping dead and are afraid to take exercise The manage- 
ment of such patients requires great tact on iJie part of tlie physi 
Clan He must convince the pitient that not only is moderate 
exercise not harmful but actually beneficial In mani such cases 
especially those with coronary sclerosis the phy sician needs courage 
to prescribe exercise or insist that tJie patient leav e bed or attend 
to business for he will probably be blamed if an unpredictable 
catastrophe occurs In recent years there lias been too great a 
tendency to condemn to invalilism mmy individuals with heart 
affections especially coronary disease still capable of accomph«h 
mg much w itli little if any resultant shortening of life the splendid 
paper of hite“) Particul irly unfortunate has been the acceptance 
of electrocardiographic evidences of myocardial damage per se as 
obligate indic itions for retirement from affairs Tlie world would be 
much poorer if ev cry indiviilual who passed through coronary tiirom 
bosis or suffered from angina had hoisted the wliite flag there have 
been many unsung Jolm Hunters 

DIET 

A fundamental principle m the treatment of heart failure and 
angina pectoris is to reduce as much as feasible the work of the 
heart Appropriate dietetics often auis appreciably m this prin 
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ciple of spancg the heart Before discussing the composition of 
the diet m heart failure and angina p«:toris a few words regarding 
the relation of the food intake to the w ork of the heart ma> be useful 
Influence of the Dietary Regime on the Work of the Heart — 
The ingestion of food increases tlie work of the heart Gladstone ® 
found that following a heartj meal the cardiac output is increased 
about 2o per cent since the arterial pressure is usually a little 
elevated the work of the heart is augmented even more "More- 
over not onlj is the work of the heart increased after a heavj 
meal but it is also likelj that the heart functions under disadvan 
tageous conditions For witli distention of the stomach the dia 
phragm is elevated with resultant upward displacement of the 
heart Even when the slight increase m vital capacity due to the 
compression of the lungs b\ the elevation of the diaphragm may 
be significant to the already distressed patient It has already been 
mentioned (page 416) that Wajne and Grajbiel found that indi 
viduals with angina pectoris have a smaller exercise tolerance after 
a meal Ihese observations supply the rationale of what manj 
cardiac patients learn for themselves namclj tlnttliej aredjspneic 
and oppressed following a large meal and that anginal pam is 
especially apt to supervene at tins time In individuals with coro- 
nary arteriosclerosis sudden death follow mg a large meal is not rare 
In addition to the transitory increase m the work of the heart 
following an ample meal the metabolic rate and cousequentlv the 
work of the heart throughout the day are augmented b\ more 
abundant food intake This has long been know n from experiments 
on the effects of undernutntion in health and has been brought 
out especially well in relation to the treatment of heart failure by 
the important studies of Master Jaffe and Dack** They kept 
42 patients with coronarv artery disease on a daily ration containing 
800 calories (SO grams of carbohvdrate 50 grams of protein and 

30 grams of fat) In only 5 did the basal metabolic rate fall less 
than 10 per cent m 6 it fell 10 to 14 per cent and m the remaining 

31 the metabolism fell more than 15 per cent reaching —40 per 
cent in 2 patients and —30 per cent in 2 others blaster and his 
associates found tViat the \av> Tnetahohe rates were attained after 
the patient had been maintained on the SOO-calorv diet for between 
two and four weeks with increase m caloric intake there was a 
similar lag before the metabolic rate rose 

The Value of Undernutntion m Heart Failure and Angina Pec 
tons — Since undernutntion decreases the oxy gen consumption of 
the bodv and consequently tlie work of the heart one w ould antici 
pate that a diet of low calonc value would be well adapted to the 
treatment of heart failure and angina pectoris Such a diet is in 
line with the general principle of maintaining the work of the heart 
at as low a lev el as feasible the v ery principle that led to the intro- 
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duction of thjroidcctomy (pnge 743) That restricted caloric 
intake is of \ ilue m the treatment of cardiac failure and angina 
pectoris Mos known to clmtcians long before the theoretical basis 
was understood As far back as 1860 Ivircll'* introduced uhat 
has since been known as the Ivarell cure in which the total 
int ike of the patient is limited to 800 cc of milk d uJy There is 
every reason to bchc\e tliat tlic KarcII diet is of value merely 
because it is a form of severe restriction of fluid sodium chloride 
and caloric intake Lxperience has shown tint the Ivarell diet 
forms in excellent mctliod of initiating tlie treatment of severe 
heart failure or angina pectoris in other than undernourished indi 
viduols or those with active rheumatic fever It forms a splendid 
adjuvant to bed rest and digitalis in the treatment of acute dccom 
pensation of various origins I specially m pletlioric individuals 
with hj'pcrtcnsive and arteriosclerotic disease one often finds that 
merely keeping the patient m bed with intake restricted to SOO cc 
of milk dail} and a brisk purge accomplishes remarkable amcliora 
tion of di spnea and other manifestations of heart failure 

After the treatment of severe heart failure has been initiated by 
two or tlirce da>s on 800 cc of milk dailj the patient may be given 
a diet containing between SOO and 1200 calorics The length of 
time whicli this low>calory diet sliould be continued depends on 
the circumstances of the case In patients with hypertensive and 
arteriosclerotic heart failure es)}ccia]ly if tlicy ire obese great 
advantage may be derived by continuing the stringent dietary 
restriction for a long period Master Jaffe and Dack kept many 
of tlieir patients with coronary arteriosclerosis on diets contauung 
between SOO and 1200 calorics for between three and twelve months 
during a large part of which they were ambulatory None of these 
individuals developed acidosis or 1 ypercholcstcnncmia and tliere 
were no changes in the protein content of the plasma Of course 
tlicre IS loss of weight on low-calory diets which is an adv intagc in 
obese patients But if the undernutrition is protracted and the 
metabolic rate falls the loss of weight becomes less rapid Tiius a 
man of 188 pounds with angina pectoris due to coronary arterio 
sclerosis was put on complete bed rest with a diet of between COO and 
SOO calories daily His weight fell to 170 pounds in fifteen days 
After tint he was ambulatory attending to business a few hours 
daily and received between 1200 and 1500 calories NevertJielcss 
at Uic end of eight montlis his weight was 160 pounds and was 
stationary 

The cliief disadvantage of diets of very low caloric value is that 
weakness often develops and forces an increase m the energy value 
of the food But more often tlie weaknes passes or is relieved by 
a comparatively small increase m the ration and the patient can 
be kept indefinitely on a comjiaratively low food mtake Perhaps 
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largely because their activities are restricted, most patients with 
symptoms of heart failure maintain weight and strength on a diet 
of Jess than 2000 calories dail> The object should be to reduce 
the energy \alue of the food as much as is consistent with the 
maintenance of weight and strength, in obese individuals, of course, 
the former is desirable onl> after suitable reduction in body weight 
had been attained There would appear to be no factual basis for 
the fear that undernutrition of this degree impairs the functional 
capacity of the heart 

The principal held of utility of low-calory diets is in hypertensive 
and arteriosclerotic heart disease, especially m the obese Master 
and his associates obtained splendid results with such diets following 
coronary thrombosis, they kept their patients on the restricted diet 
for periods ranging over one year Not only is heart failure due to 
hy pertension or coronary arteriosclerosis most often fav orably influ- 
enced by diets of low caloric value, but good results are often 
obtained m angina pectoris AVhen the cardiac pain occurs m 
obese individuals of plethoric appearance who have hypertension, 
coronary arteriosclerosis, and a very large left ventricle, rigid 
restriction of caloric intake is especially apt to be beneficial In 
several such cases, following the institution of bed rest and a diet 
of 600 to 800 calories duly for two weeks, 1 have w'ltnessed the 
disappearance of the pain for a considerable time My impression 
is that rest and dietary restriction are most apt to help angina when 
the causative relative ischemia is due more to increase m the load 
and bulk of the left ventricle than when it is due almost entirely 
to coronary narrowing with a relatively small heart and normal 
blood pressure Diets of low caloric value are often also of help 
m the treatment of heart failure associated w ith old valv ular defects 
with or without auricular fibrillation But m the presence of florid 
rheumatic infection, especially m children, the situation is different 
Here, the primary consideration is to combat the infection, and for 
this purpose an abundant diet seems best advised 
The low-calory diet should be well balanced In a previously 
well nourished individual, a slightly negative nitrogen balance for 
a few weeks is not of great moment Vitamin deficiencies should be 
avoided Small individual meals may be attained by more fre- 
quent feedings The patient should be instructed never to eat so 
much that he feels full Reduction in the bulk of the meals can be 
greatly facilitated by proper choice of foods There is often a 
tendency to include too large a ration of bulky vegetables of low 
caloric yield which are not only initially of large volume but tend 
to produce flatulent distention Often, cardiac patients who are 
uncomfortable as a result of the distention product by a v egetarian 
or lacto-vegetanan diet are helped by the partial substitution of 
meat, eggs, fish, and other concentrated foods 
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A low-calorj dtet witli fluid and salt rebtnction for cardiac 
pitieiits ina> be along the following lines But it is to be empha 
sized that the diet is to be chosen m accord witli the idiosyncrasies 
of the patient some for example are distended and uncomfortable 
when mucli niilU is j,i\ cn md this usually \aluablc food for cardiac 
p itients must tlicn be removed from the fare 
Breakfasi 
I ruit 
Cereal 
1 fgg 

6 ounces of weak tea or coffee 
Mid 7 loniing 

0 ounces of milk, with cracker 
Dinner 

Boiled or broiled tender meat chicken or fish 
"V egctablcs 

1 slice tliinlj buttered bread or toast 
GcUtm dessert or stewed fruit 

G ounces of weak coffee or tea 

Mul^ftcrnoon 

G ounces of milk wiUi cracker 
Supper 

Fish chicl CD egg or cottage cheese 
Sal id with miner d oil dressing or vegetables 
1 slice thiuly buttered bre id or toast 
Light pudding or custard 
Q ounces of we ik eolfcc or tea 
Before retiring 

0 ounces of hot milk or malted milk 
Patients subject to nocturnal paroxysms of cardiac asthma are 
usually better off if they take no food or fluid after supper 
High carbohydrate Diet —Smith Gibson and Uoss*‘ have advo 
cated the use in heart failure of a high-carliohvdratc diet The diet 
consists of 44 grams of protein 110 grams of fat ind 220 grams of 
carbohydrate (2100 calories) which is augmented by such sugars 
as dextrin maltose dextrose and lactose Thev believe that the 
easily available energy ot the carbohydrates helps the heart and 
may also have a go^ effect on tlie congested liver The writer 
has tried this diet without observing special benefit and believes 
that the principle of caloric restriction sketched abo\ e y lelds better 
results in at leist the great group of cases due to hypertension and 
arteriosclerosis In active rheumatic mfection with lever a higher 
jirotem ration w ould npiiear drairable to oimbat tlie nitrogen w aste 
How ev er in diabetics with coronaiy arteriosclerosis who are receiv 
ing insulin a high carbohy drate ration is usually desirable to av ert 



DIET 


681 


the anginal phenomena that maj be favored bj even slight depres- 
sion of the sugar content of the blood (page 584) 

Restriction of Water and Sodium CWonde —An essential part of 
the dietarj management of heart failure is restriction of the intake 
of water and sodium chloride When the djnamics of the circula- 
tion are so altered as to fav or transudation from the blood stream 
into the tissues (see Chapter XII), this transudation will be the 
more abundant the larger the available supplj of water and sodium 
chloride Reducing the intake of water and sodium chloride thus 
tends to lessen the amount of edema resulting from cardiac insuffi- 
ciency This applies not onlj to right-sided failure with its mani- 
fest peripheral edema and transudation into the serous cavities, 
but also to isolated failure of the left side of the heart, m which the 
less obvious but more dangerous edema of the lungs occurs In 
manj cardiac patients without clinical signs of edema, loss of 
weight of as much as 10 pounds on fluid and salt restriction testifies 
to the existence of occult fluid retention Tlie excellent results of 
fluid and salt restriction m heart failure arc doubtless due largely 
to the resulting resorption of edema However, other factors maj 
also enter Since the different compartments of the bodj water are 
m equilibrium with one another, it is possible, though not >ct demon- 
strated, that fluid and salt restriction m heart failure result m a 
decrease in blood volume secondary to the decrease in the volume 
of the interstitial fluids Such a diminution in blood volume 
would doubtless have a salutarj effect on heart failure through the 
intermediacy of decrease in the work of the heart This conception 
IS stronglj fortified b> the work of Grollman," who found that the 
ingestion of water and more so of salt solution results m an increase 
in cardiac output, while the origin of the latter is not entirely clear, 
It IS most likel> due to increase in blood volume In hj-pertensive 
patients, the occasional drop in arterial pressure following salt 
restriction is also welcome from the point of view of heart failure 
and angina pectoris 

In severe heart failure, tlie fluid and salt intake should be cut 
down sharplj This is attained in the Kareh diet o! 800 cc of 
milk dailj As long as the ^mptoms of heart failure are severe 
enough to keep the patient in bed, unless there is fever due to an 
infection, the fluid intake should not evctetl 1200 cc dailj The 
sodium chloride ration maj be kept below 2 grams dailj by instruct- 
ing that no salt be added to the food and that no especialh salt> 
food be consumed In patients with nocturnal attacks of cardiac 
asthma, it is well that no fluid be takeu m the e\ emng 

Occasionallj, the fluid restriction and salt privation are carried 
too far m cardiac patients As a result of long-continued fluid and 
salt restriction and the removal of large quantities of salt and 
water from the bodj bj repeated mercurial diuresis, a state of 
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dehjdntion maj result The most common symptom of such a 
stutt ^\hlch I have repeatedly seen u great eakness butdclinum 
and other manifestations often considered to indicate a cardiac 
psychosis may also develop In several such crises I have seen 
improvement of the weakness and mental state quickly follow tlie 
administration of water ind sodium dilonde 
Alcohol — Ihcre is no evidence that alcohol ‘•pccifically damages 
the heart Most of the eases of what was known as beer heart 
and wine heart appear to have been essential hy pertension often 
combined with obesity some of them may have been due to avita 
minosis (page 5JQ) Of course it is undesirable for the canliac 
patient to drink to excess but in occasional small drmk may be 
permitted to those wlio enjoy it In angina pectoris as Hcberden 
pointed out alcoholic drinks often affoitl considerable relief pre- 
sumably through causing vasodilatation I liave repeatedly seen 
patients who could av ert anginal pam by taking whisky at the onset 
Tobacco — The question of smoking by cardiac patients is one 
that should be decided for tlic individuals there are no valid genera! 
rules If the patient ex\)cnencc3 iialpitation pam or otlicr unpleas 
ant symptoms or it is found that the use of tobacco is followed by 
pronounced tachycirdia smoking should be discontinued But if 
such symptoms do not arise except perliaps for individuals witli 
coronary artery disease there would seem to be no well supported 
reason for denying the patient who enjoys it the pleasure of smoking 
in moderation Smoking produces extrasy stoics m some persois 
but thev may prefer tlie annoy mee to discontinuing tobacco The 
question of tlie use of tobacco by individuals with coronary arterio- 
sclerosis 13 one on whicli lias been written pro and im (Mosdicowat 2 “ 
and \Miitc and Sharber*‘) That tobacco can jiroduce arterial 
lesions seems to be demonstrated by thromboangiitis obliterans but 
of course this does not indicate that it is al'!o concerned m the genesis 
of arteriosclerosis Cases have been reported m which coronary 
attenoscletosis and thrombosis have b^n attributed to tobacco 
but in none of tlieni is the evidence of the connection unequivocal 
Harkavy * has found that smokers who dev elop coronary thrombosis 
relatively early in life exhibit a much higher incidence of positive 
skin reactions to tobacco tlian do smokers without cardiac disease 
Whetlier this interesting finding indicates tliat allergy to tobacco 
IS concerned in the pathogenesis of some instances of coronary throra 
bosis requires further investigation Speaking strongly against the 
frequent significance of tobacco in the etiology of coronary arterio- 
sclerosis 13 the detailed study of IVhite and Slnrber They found a 
smaller proportion of excessive smokers and a high incidence of 
total abstainers from tobacco m 750 patients w itli angina pectoris 
than in 750 controls of similar age and walks of life How e\ er 
one not rarely encounters individuals with angina pectoris due to 
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coronary arteriosclerosis who h'lve fewer attacks when the} abstain 
from smoking and ery rarely cases m which cessation of smoking is 
followed by freedom from cardiac pain for protracted periods In 
such cases of course smoking should be discontinued 

OBESITT 

Effects of Obesity on Circulation and Respiration —Obesity con 
stitutes a handicap to circulation and respiration which is docu 
mented in the shortness of breath of stout individuals Among the 
factors concerned are the following 

1 As a result of the increase m intra abdominal fat the dia- 
phragm IS elevated with decrease m lung volume Bowen‘ found 
that in obesity the vital capacity is decreased an average of 20 per 
cent and m very fat persona the diminution is much more In 
obesity respiration is less efficient being more rapid and shallow 
and accelerating more during exercise tlian in those of normal 
weight (Prodger and Dennig^) It seems probable tint the altera 
tions m the mechanics of respiration are the chief cause of tlie 
exertional d}spnea of obese persons without intrinsic cardiovascular 
disease 

2 Great obesit} also affects the organs of circulation directly 
As a result of the high position of the diaphragm the heart is dis 
placed upward and assumes a more horizontal position with rotation 
of the electrical axis to the left It seems plausible although precise 
information is not available that the change m the position of the 
heart is a handicap especially when the heart is called upon for 
increased work during exercise or when the organ is enlarged 
Prodger and Dennig found that the standing pulse rate of the obese 
averages higher than m those of normal weight 

A moot question is that of the significance of the large subepi 
cardial fat deposits usually present m the obese {phesitas cordw) 
These masses of fat pass between the muscle fibers and m extreme 
instances extend m places m the right ventricle all the wa} through 
to the endocardium In the past these subepicardial fat deposits 
were highly esteemed as causes of heart failure However they are 
often found at the necropsy of obese individuals who had no evi 
dences of heart failure ^YhIle not proven it is conceivable that 
m cases m which the fat deposits extend completely through the 
right ventricle they may be the cause of the othenvise unexplained 
sudden deaths which occur on very rare occasions in obese persons 
(c/ Smith and W illms^*) But in all such cases careful search for 
coronary artery disease should be made It should be borne m mind 
that the excess of subepicardial fat which is part and parcel of gen 
eral obesity is independent of fatty diange in the heart muscle fibers 

3 In considering the effect of obesity on the work of the heart, 
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one must differentnte between rest and exercise The available 
datv indicate that it rest obcsi^ ciuses little if anj increase in the 
work of the heart lor usuall> the blood pressure is unchanged 
and Prodger and Dtnnig found with tlic icetjleiiD method that the 
c irdi ic output iveraged the s.imL (3 7 liters per minute) as m their 
normal controls per square meter bodv surface the cardiac output 
averagetl a little less than in tlie controls 'lhat the work of tlie 
heart at rest is not augmented m obcsitv is also indicvted bj the 
old observation of Hirscb** tliat the muscle mass of the heart in 
obesitj IS small m comparison to tlie body weight Tlie absence 
of increase in cardiac output in obcsitj jiresumabb means tint 
there IS little blood flow through tlie fat tissue although tliere maj 
be also some decrease in blood flow through the other tissues 
During such exercise as walking on the otlier hand the work of 
the heart is doubtless mcreised in olxsity for the muscles must 
move a larger mass Indeed Prodger and Demitg found that in 
obesity oxjgcn consumption w increased during exercise more than 
corresponding to the extra weight Apart from tlie unlikclv eventu 
ajitj that the greater owgen consumption is covered entirely 
by an increase m the arteriovenous oxvgen dilTerencc there must 
be a greater increase m cardiac output during txcrcise in tlie obese 
tlian in those of usual weight ihe resulting increase m the work 
of the he.irt maj pi i> n p irt m the exertional dv spnea of the obese 
Tlut the circul itioii docs not accommodate itself to exercise as well 
in the obese as 111 tlinsc of normal weight IS ilsoshuwnb) the finding 
of Licbtvv itz‘ ‘ and of Prodger and Dennig tliat the lactic acid content 
of tlie blood rises much Inkier during exercise in the obese Wiether 
the increase in the lactic acid content of the blood la quantitatively 
sufficient to be of sigmficiuce in the pathogenesis of exertional 
dv sime i remains to be determined 

Therapeutic Utility of Weight Reduction m Heart Failure — 
Since obesity lessens the vitd capacitv increases tlie work of the 
hevrt during exertion and perhaps im^Miin the functional capacity 
of the heart it is not surprising that reduction in bodv weight is 
often a valuable measure in tbc treatment of cardiic failure m the 
obese Indeed loss of weight generiUy increases the exercise 
tolerance of tlie obese witli healthv heirts and this may be even 
more marked in those with carduc insufficiency Lspecially in 
obese individuals with hvpcrtcnsive and arteriosclerotic heart dis- 
ease weight reduction IS often accorapimed by notable svmptimatic 
improvement and is almost always indicated Obesity is a less 
common accompaiiiinent of rheumatic heart disease but does occur 
especially in middle-aged women and here also reduction raav be 
a valuable measure Striking improvement from weight reduction 
IS perhaps most often seen in the not uncommon cases in which the 
first symptoms of heirt failure accompany or soon follow great gain 
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m \\ eight and m Tvhich it seems likel> that increasing obesity is 
the precipitating cause of the cardiac insufficiency Obesity is so 
deleterious to mduiduals ^ith heart disease that it ^\ould appear 
indicated to attempt to reduce bodj weight m all obese persons 
with heart disease e\en though thej have no symptoms of cardiac 
failure or angina pectoris purely as a prophj lactic measure to defer 
the onset of the symptoms 

Most often weight reduction m individuals with heart disease 
is to be accomplished as far as possible bj a low-calorj diet alone 
without the aid of increased exercise or the administration of thj roid 
extract Frequently it is wiser to carr> out the reduction with 
the patient m bed Ihe technic of low calorj diets in heart disease 
has already been discussed (page 678) 

Only exceptionally is considerable increase in exercise to be 
prescribed for cardiac patients as an aid in weight reduction 
Exercise comes into question principallv in individuals with h>per 
tension or a cardiac lesion which despite the fact tliat they are 
asymptomatic have resulted in the patient becoming so apprehen 
sive of exertion that lack of exercise plavs an important part m the 
genesis of the obesitv In such individuals carefully controlled 
walking golf or massage may be of great value 

Apart from instances of true mvx^cina heart (page 590) thyToid 
extract should be invoked against obesity only m rare cases m 
which the metabolic rate is definitely subnormal and even very 
low -calory diets make little impression on the body weight I have 
seen but few cardiac patients in whom the administration of tliy roid 
seemed advisable to help reduce weight these were almost all 
middle-aged women with hypertension and sometimes coronary 
arteriosclerosis and it is quite likely that some cases in which 
marked loss of w eight and symptomatic improv ement w ere obtained 
were actually formes frusUs of the myxedema heart I have known 
instances m which the administration of thyroid to obese individ 
uals with arteriosclerotic or hypertensive heart disease seemed to 
be the provocative agent of severe heart failure or angina pectoris 

SURGICAL OPERATIONS 

The physician is often confronted by situations m which surgical 
operation is indicated in cardiac patiente ^Vhen this occurs it is 
necessary to evaluate carefully whether the probable advantages 
to be deriv ed from the operation outw eigh the risks In sOme cases 
of course the decision is easy fulminant appendicitis or ectopic 
gestation may necessitate immediate operation despite sev ere heart 
failure On the other hand there are many situations in which 
the judicious plysician will refrain from operation where m an 
individual with a healthy heart be would advise operation for 
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example, a pelvic repair in the presence of a failmg hy-pertetiiive 
and arteriosclerotic heart 

Statistics regarding the mortality following operations in cardiac 
patients \arj widely, one reason is doubtless difference m the 
character of the material anal>zcd In 170 patients with heart 
disei&e who underwent operation, Sprague*‘ found a mortality of 
24 7 per cent, m 494 operations on cardiacs studied by Butler, 
Feeney and hevine,^ the mortalitj was 12 1 per cent Such figures, 
of course, tell us little, for some of the deiths had nothing to do 
with the presence of heart disease and some would have occurred 
cv en if the operation bad not been performed Of their mortahtj 
of 12 1 per cent, Butler, Feenej and Levine consider that C3 per 
cent might not have occurred if the operation had not been carried 
out, this includes the deaths from cardiac failure, postoperative 
pneumonia, embolism and other causes wbich may have been 
connected with the heart disease 

The two factors which are of the greatest importance m deter- 
mimng tlie added risk of o|)cration m individuals with heart disease 
are the functional capacity of Uie heart and the state of the coronary 
arteries 

Experience shows that in the absence of heart failure vvelUcom- 
pcDsated rheumatic valvular lesions add little to the risk of opera- 
tion It IS especially to this class of patient, notably when young, 
that the statement of Marvin’^ applies “A damag^ heart, what- 
ever Its physical signs, is the equivalent of a normal one for anes- 
thesia and operation if it is carrying on an adequate circulation 
under normal conditions of life, with the possible exception of the 
syphilitic heart” And even patients with well-compensated 
syphilitic heart disease tolerate operation comparatively well, 
though presumably narrowing of the coronary orifices constitutes 
an addtti risk, m 14 operations on 11 patients w-ith syphilitic aortic 
regurgitation, Butler, Feeney and Levine had 1 unexpected death 
In well-compensated hypertension, operations ire generally well 
borne as long as there is no renal insufficiency, the latter adds 
greatly to the risk of operation In the ex'penence of the writer, 
patients with renal insufficiency are on the average much worse 
operative risks than those with heart failure With proper prepa- 
ration, the operative mortality m thyrotoxic heart disease is very 
small (page 788) 

The presence of heart failure adds a nsk to operation It is not 
so much the danger of deatli dunng the operation, although this 
occurs on rare occasions as a result of heart failure or embolism, 
as the greater incidence of postoperative pulmonary complications 
It 13 to be presumed that the passiv e congestion of the lungs present 
in the left-sided heart failure of mitral and aortic v alvular lesions, 
hypertension, and coronary arteriosclerosis predisposes to the pul- 
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monarj atelectasis which probably forms the basis of at least a 
considerable proportion of cases of postoperative pneumonia 
Moreov er, patients with right sided heart failure are more liable to 
thrombophlebitis of the lower extremities with its risk of late 
embolism Sometimes, heart failure becomes progressively worse 
after operation Auricular fibrillation may be initiated during 
operation or shortly after, but is usually transitory 

The risk of operation is also increased b> the presence of angina 
pectoris and coronary arteriosclerosis (</ Jlaster, Dack and Jaffe,** 
Brumm and Wilhus’) ^\^llle the large majority of such indiv iduals 
pass through operation without circulatory trouble, coronary throm- 
bosis dev elops in the da>s after operation w ith less rarity than would 
be anticipated if it were purely a coincidence The same is true of 
sudden death during or after operation, only some of these deaths 
are explained at necropsy by embolism others are perhaps due to 
V entncular fibrillation or other disturbance m the mechanism of the 
heart beat 

Patients with heart failure should be adequately digitalized 
before operation That every effort should be made to lessen the 
duration and shock of an operation on a cardiac patient goes without 
saying After the operation the attempt should be made to lessen 
the chances of pulmonary atelectasis by moving the patient and 
perhaps administering carbon dioxide, and of thrombophlebitis of 
the lower extremities by motion and massage In cardiac patients 
one should be especially careful to avoid overloading the heart with 
excessiv e intrav enous infusions I hav e sev eral times seen pulmonary 
edema produced m this fashion 

The anesthesia is, of course of the greatest importance One 
would presume that, when feasible, local would be preferable to 
general anesthesia However, m the operations on ca^iac patients 
reviewed by Butler Feeney and Levine the mortality was about 
the same with both local and general anesthesia ^Vhen general 
anesthesia is used, the skill of the anesthetist is perhaps more 
important than the choice of the ane&thetic It is most important 
to minimize the pre-operative fear of the patient and by skilful 
induction, to av old struggling before anesthesia is attained There 
13 no general agreement on which of the general anesthetics is 
preferable for cardiac patients Marvin considers ethv lene as best 
suited, with nitrous oxide and oxygen as second choice and ether 
as less desirable Cvclopropane is sometimes excellent 

PREGNANCY* 

The question often arises whether a woman with heart disease 
should be allowed to bear a child, and what should be done when 
one with a cardiac disorder becomes pregnant Discussion of 
* Jansen * has published a detailed monograph on the heart in pregnancy 
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tlicsc problems niiy be prcfited a few rcrairks concerning the 
effect of pregmnej on the nonnil heart 

The Cardiac Load m Pregnancy —During pregn'inej, the work 
of the licart increases The latter >s roughly proportional to tlie 
product of tlic mem arterial pressure and the cardiac output 
During iiornnl prtgnaricj the mean arterial pressure changes toin- 
panti\ cly little, there is usuallj a rise in pulse pressure due mostly to 
fall in diistolic tension On the otiier hind investigations b> 
Gammeltoft ' SUnder and Cadden** and Burwell* have sliown 
th it there IS a prououneal increase in cardiac output, which gener- 
allj rciichcs close to oO jicr cent in tJie ninth lunar month Peculiarly 
enough, the elcvateal cardiac output diminishes somewhat m the 
last weeks of gestation 

The increase in c.irdiac output renders feasible the great augmenta- 
tion m blood flow througli tlic uterus without depletion of the other 
organs ihis accomplishment is also facilitated by accompanying 
rise m circulating blood volume which in the observations of Thom- 
son'* ind his associates averaged -12 per cent Ihe correlation of 
the changes in cardiac output and blood volume is indicated by the 
finding tint both fall in the last weeks 

The mechanism of ific increase in cardiac output during pregnancy 
IS nut altogether clear Uurwell has pointed out tint the increase 
IS greater than can be accounted for hy the augmented oxygen con- 
sumption for the irtcriovenous oxygen difference is decreased 
ihcrc arc also such otlicr evidences of nccelcratexl circulation as 
faster basal pulse rate, increased pulse pressure vvitli somewhat 
collapsing pulse and increased velocity of blood flow (Cohen and 
Thomson*) Like behavior of the eirculation occurs m artenov enous 
fistula (page 579), and Curwcll has advanced the ingenious sug- 
gestion tlut in pregnancy the placenta, in which wide shunts con- 
nect the arterial and venous sides of tlie circulation, acts like an 
arteriovenous fistula 

In addition to the burden imposed by the greater cardiac output 
it IS possible tliough not proved that the upward displacement of 
tile heart m the later months also constitutes a handicap This 
displacement is probably the cause of the tendency to rotation of 
the cfcctrccal aiccs (o the left and •sccostonaf devefopment of large 
Qj and inverted /« waves The seeming enlargement of the heart 
13 prob ibly also almost entirely a manifestation of displacement 
as pregnancy progresses 

As a result of these factors and the greater weight, women in 
the later months of pregnancy become dyspneic at lower levels of 
exertion than usual Tins occurs despite a normal vital capacity 
(Cohen and Thomson) Not nirely, ^ere arises a climcal picture 
reminiscent of the effort svndrome, it includes exertional dyspnea, 
tachycardu, simulated enlargement of the heart because of dis- 
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placement up^^a^d and forward against the chest wall, a sjstolic 
murmur, and accentuation of the pulmonic second sound Of 
course, tiiere maj also be edema of the feet, Burwell has shown that 
this, as well as the de\elopment of varicosities, is favored by 
increased venous pressure in the lower extremities due principally 
to pressure by the enlarged uterus It is important that this 
syndrome should not be confused withorgaific heart disease Indeed, 
Gammeltoft’ states that diastolic murmurs may arise during 
pregnancy m the absence of organic heart disease, an observation 
that I hav e not made other than m severe anemia 
During labor, the heart is further burdened by the considerable 
rise m arterial pressure that occurs during the pains 
Despite these strains, the prev lously healthj heart does not fail 
during pregnancy or labor, apart from rare instances of acute left 
ventricular failure due to sudden rise m blood pressure manifesting 
the toxemia of pregnancj 

Management of Heart Failure in Pregnancy —As just intimated, 
only tlie previously diseased heart fails as a result of pregnancy 
In fact, recent studies have shown that even women with ante- 
cedent cardiac disease develop heart failure during pregnancy in a 
far smaller proportion of CiOses than was formerly believed, and 
further that su^ faijure is fatal much more rare]> than had been 
thought Some of t^e older statistics purported to show that one- 
half or more of women with cardiac lesions succumb during preg- 
nancy These figures were undoubtedly obtained by including only 
those women with cardiac lesions who also had heart failure It is 
now known that the course of cardiac disease m pregnancy is deter- 
mined not especially by the nature of the cardiac lesion (apart from 
bacterial endocarditis) but almost entirely by the functional capacity 
of the heart at the start of pregnancy This has been brought out 
m all recent inv estigations, but with especial clarity by the excellent 
studies of Pardee Using the functional capacity of the heart at 
the onset of pregnancy as a criterion, he divided the cases into four 
groups in accord wi^ the classification of the New York Heart 
Association 

Cl. 4SS 1 —Those with cardiac lesions but no evidences of failure 
on even considerable exertion Of 157 such patients, none died 
Class 2 A —Those whose activitiy is slightly limited by dyspnea, 
etc , on exertion Of 180 such patients, 1 died 
Cl-ASS 2J5 —Those whose activities are greatly limited by cardiac 
insufficiency Of 169 such patients, 8 died 
Cii-ASS 3 — Patients who are entirely or largely bed-ndden Of 
40 such patients, 16 died 

From Pardee’s figures (</ also the statistics of Carr and Hamil- 
ton* and Stander and Kuder**), it is evident that the woman with a 
faultlessly compensated cardiac lesion— m over 90 per cent of the 
43 
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cases it 13 rlieumatic heart disease that comes into question— takes, 
statisticallj speaking, very httle chance of losing her life during 
prcgmiicj Hon ever, tliere is some danger This is shown by 
the fact that one occisioiully encounters acute pulmonary edema 
in pregnant women with mitral stenosis who had no sjmptonis of 
heart failure before pregnancy and did not even know tliat they 
had a cardiac lesion *ind other patients with valvular lesions 
gradually deveJo]> symptoms of heart failure as pregnancy proceeds 
or during hbor NcvcrtJieless, with proper management tlie 
chances that a woman with wcH-conipensated rheumatic heart 
disease will pass through prcgnincy with httle or no trouble are 
so great tliat the physician is not justified m refusing permission 
for pregnancy, or interrupting it once it has occurred, if tJie woman 
wants a child and there are no sociologicil contraindications 
\\liether pregnancy abbreviates the life of w omen w ith heart disease 
who pass through labor successfully remains to be decided The 
statistics of Ileid“ speak against pronounced shortening for he 
found that married women (with an average of 575 children) with 
heart disease died at an average age but little less than that of 
unmarried cardiac women 

Much more difilcult is the situation when tlie woman Ins or lias 
had slight symptoms of heart failure She sliojild be informed that 
she 13 t4aking a definite risk and that interruption of pregnancy, 
apart from religious considerations, is justified In deciding 
whetlicr or not to permit pregnancy m a woman wlio is dyspncic 
on mild exertion, one must take into account all the facts in the 
case, including the desire of the patient for a cliild whether or not 
there arc already children the financial position of the husband 
in relation to the ability of Uic mollier to rest during pregnancy 
and to have her household work done by another after pregnancy, 
the obstetrical status w ith regard to the probable ease of deliv ery, 
and the age of the patient Younger women with cardiac disease 
generally do better in pregnancy than older If it is decided to 
go aliead with pregnancy, tlie patient should be warned that she 
will have to rest a great deal A large part of the last months of 
pregnancy sliould be spent in bed, exertion and excitement are to 
be avoided as nmcfi as passible Tie diet should be poor in salt 
and the fluid intake restricted, but a full ration of protein is to be 
allowed because of the tendency to hypoprotememia and edema in 
pregnvncy If there are evidences of heart failure the patient is 
to be digitalized Should it become evident m the last months 
that heart failure is progressing it is usually wise to deliver pre- 
maturely The technic of the pronaturc delivery should of course 
be left to the obstetrician, who will choose the method promising 
the briefest and easiest labor In some cases, Ciesarean section 
is the procedure of choice 
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Women presenting evidence of severe heart failure— dyspnea on 
slight exertion, paroxysmal dyspnea, edema, swelling of the liver, 
etc —should not become pregnant Not only are they running a 
considerable danger, but there is also a strong possibility that they 
will not have a live baby, according to the statistics of Fellner,* 
women with cardiac decompensation have an abortion or premature 
labor in 20 to 45 per cent and a stillbirth in 26 to 40 per cent of 
the cases If women with manifest heart failure are seen early in 
pregnancy, they should be aborted If they' are first seen in the 
fifth or sLxth months and are anxious to have a child, the attempt 
may be made to carry them along until the period of viability. 
It IS necessary to do the same in patients seen early who refuse 
abortion for religious or other reasons The woman should be kept 
in bed with digitalis and other treatment for the heart failure, 
one 13 sometimes surprised how severely decompensated a patient 
may be in tlie fifth or sixth month and yet improve sufficiently under 
appropriate treatment to have a live baby Even if the bed rest 
and other measures result in great improvement it is rarely wise 
to allow the pregnancy to proceed to the end, delivery should be 
induced when the baby is viable In women who are first seen 
when badly decompensated, it is generally judicious to attempt 
to improve the state of the circulation before emptying the uterus 
As in the preceding group of cases, the method of delivery is to 
be left to the obstetrician, but in a higher proportion Cssarean 
section under local anesthesia is indicated, version and other intra- 
uterine manipulations are to be avoided but shortening of the second 
stage of labor with forceps after full dilatation is often wise One 
competent to meet emergencies of cardiac origin should be present 
during the delivery 

A complication of mitral stenosis id pregnancy worthy of special 
mention is acute pulmonary edema It may come on suddenly, 
out of a seemingly clear sky, and may prove fatal, although some 
patients have repeated attacks during a pregnancy One woman 
had three such attacks, each following intercourse Morphine 
should be administered and, if the situation appears threatening, 
venesection performed Especially if the patient is m the hospital, 
oxygen may be administered 
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CHAPTER XXXIV 


THE TREATMENT OF HEART FAILURE II DIGITALIS 

Few indeed are the patients with heart failure in whom digitalis 
IS not indicated at one time or another While not alwaj s success- 
ful, indeed sometimes contraindicated, digitalis may be Iife-savmg 
and often restores otherwise hopelesslj bed-ndden individuals to 
long j ears of usefulness which could not be attuned by any other 
means at our command The bene6cial effects of digitalis are so 
specifically confined to the alleviation of heart failure that when 
symptomatic improvement results from the administration of the 
drug, the inference is justified that the symptoms in question were 
directly or indirectly due to cardiac insufficiency 

Despite ceaseless m\estigation since the days of Withering®* 
the action of digitalis is not altogether understood Recent studies 
have shown that this action is even more romplex than was formerly 
realized, multiple mechanisms with different points of attack partici- 
pate m the relief of heart failure by digitalis, and their individual 
importance vanes m the diverse forms of cardiac insufficiency 
Broadly speaking, it may be said that digitalis tends to relieve heart 
failure in two general ways 

First, and by far the more important, through increasing the 
functional capacity of the heart 

Second and of significance yet to be established through decreas- 
ing the venous return and consequently the work of the heart 

Before describing how these effects are manifested clinically, it 
may be well to review briefly the pharmacological observations on 
animals which form a large part of the basis of what is known con- 
cerning the therapeutic action of digitalis 

THE ACTION OP DIGITALIS ON THE PROPERTIES OF THE 
HEART MUSCLE 

Experimental investigations* have shown that digitalis affects 
the activity of the heart not only through direct action on the myo- 
cardium but also through stimulation of the nervous inhibitory 
mechanism Since Traube®* first found that the bradycardia pro- 
duced by digitalis can be counteracted by cutting the vagi, the 
nervous inhibitory effects have been attributed to the action of 
digitalis on the vagus ner\e Most of the older investigators 

* The following discussion applies only to the warm blooded heart for a classical 
description of the action on both the amphibian and the m amm alian organisms the 
reader is referred to Cushny ■* 


( 693 ) 
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considered that the glucosides in question stimulate the \ agus center 
but the later work of Striub’* indicated ratiier that digit dis nises 
the sensitis it> of the he\rt muscle to the ph> siologicil v igus tone 
Ilecentl> however the imestigitions of Hejnum.*® and lus asso 
ciatcs ln\e shown that this is not the whole storv beautiful 
cross arculation experiments on the dog with their well known 
isolated head preparation— which en tbits them to perfuse indc 
pcndentlj the brain and the carotid sinus— the> found tliat per 
fusion of the vagus center witli digit iIis does not inliibit tlie heart 
On the otlier hand perfusion of Uie carotid sinus with the drug 
produces tlie diaractenstie canine inhibition Ilcvmins and his 
CO workers further found that the apphcition of strophantliin to 
the carotid sinus results in a more pronounced slowing of the he irt 
from a giv en rise m arterial pressure I roin these experiments it 
seems fair to conclude that tlic nervous inhibition of the lieart b> 
digitilis IS due not onI> to scnsitiz ition of the heart muscle to 
\ agal tone but also to action on the carotid sinus and aorta w ith 
resultant reficx increase m vagal and decrease m sjmpathetic tone 

The summation of the direct muscul ir action of digitalis and the 
nervous inhibition of the heart the drug results in the following 
effects 

(fl) The muscle is stimulated t e the force of witnailar systole 
IS increased Gold and C ittcll” measured the tension developed bj 
the cats papillary muscIe suspended m Bingcrs solution or blood 
and found that digitalis giucosidcs rcversexl tl e direction of filling 
s>stoIic tension while the diastolic tension was inaintainexl const int 
riiis finding shows that digitalis bodies tncreise the force of con 
triction of the matumihan nijocirdium by direct action on the 
muscle The same is dcmonstratcil m the heart lung prepantion 
by the development of higher maximal intraventricular pressure 
starting from the same diastolic filling and by more complete 
emptjiiig of the ventricle Schacfer~* found that in the heart lung 
preparation the he irt of acat which had previouslj been digitalized 
could empt> itself against an irtcrnl pressure averaging 22 mm Hg 
more tlian the maximum for an undigitihzcd he irt I urtliermore 
w lien the arterial resistance or venous return is mere ised in the heart 
lung preparation digitalis enables the heart to perform the greater 
work witli a smaller increment in diastolic filling (Bijlsma iiid Rocs- 
singh*) Tlie force of auricular systole is also augmented bj doses 
of digitalis that are not too large But when sufficient of the drug 
IS given the stmmlating effect on the auricular muscle is more than 
counterbalanced bj the effect of vagal inhibition with the result 
that m the dog the strength of the contractions is reduced and 
auricular standstill m the diastolic position mj> occur (Cushnj *) 

(6) With vagal inhibition functiomi^ digitalis gcnemllj though 
apparently not always, prodtu.es greater diastolic lolume of tlie 
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heart To some extent tins is doubtless due to the slowing of the 
heart resulting from \agal inhibition, which allows more time for 
diastolic filling There has been difference of opinion regarding 
the effect of digitalis on the amplitude of diastole m the isolated 
heart not under \agal control Cushnj's mjographic tracings 
indicated that m the absence of vagal inliibition the extent of 
relaxation m diastole is unchanged or may occasionally be slightly 
reduced But the best available data appears to be that of Wiggers 
and Stimson,*^ working with sensitive optical registration and 
controlling the heart rate and arterial resistance They found that 
the increased systolic discharge produced by digitalis is accompanied 
by larger diastolic volume, t e, diastolic dilatation In Wiggers 
and Stimson’s experiments there was no constant change in diastolic 
intraventricular pressure, the greater diastolic volume was some- 
times accompanied by a rise, sometimes by a fall, in mtnv entricular 
pressure 

(c) As a result of the direct muscular action of digitalis, both 
the contraction and the relaxation of the ventricle take place more 
rapidly The total duration of sysioU is abbreviated, with the 
result that the diaatolic rest jyerwd forms a larger fraction of the 
cardiac cjcle even when, as a result of vagotomy or alropinization, 
the rate is not slowed by digitalis 

(d) The effect of digitalis on the rate of the heart in the ex*pen- 
mental animal is almost entirely through vagal inhibition The 
changes m rate of the isolated heart follow mg the administration of 
other than excessive doses of digitalis are insignificant compared to 
those when v agal inhibition is functioning Cushnj states that the 
rate of the isolated heart is unchanged, while otlier investigators 
(Weese**) find with small quantities of digitalis a slight acceleration 
due to sinus stimulation and with larger amounts a small slowing of 
the sinus rate In the intact animal digitalis slow s the heart tlirough 
vagal inhibition of the sinus by the mechanisms described above 
(page 694), that this slowing is of vagal origin is shown bj the fact 
that it does not occur after atropine With larger doses of digitalis 
the aunculo ventricular block to be described in the next paragraph 
maj result in dropped beats and thus contribute to the slow mg of the 
ventricle However, with doses of such magnitude as to jiroduce 
severe disturbance of auriculo-ventncular conduction or complete 
dissociation, ventricular ectopic beats may be so numerous as to 
produce a rate above the normal 

In patients with heart failure, the slowing produced bj digitalis 
13 due not onlj to the vagal effects seen in the experimental animal 
but also to some extent to extravagal mtchamsms (page 698) 

(e) Digitalis depresses conductivity through both direct action on 
the muscle and vagal inhibition Tins is the effect of the drug that 
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accounts, m the main, for its triumphs ai auricular fibnllatiou 
(page 710) The retardation of auriculo ventricular conduction 
that results from small or moderate doses of digitalis in the healthj 
heart appears to be mamlj due to vagal inliibition For Cushnj 
found in the dog that such doses of digitalis do not alter tlie con- 
duction time along the bundle of His if vagal inhibition is excluded 
bj itropine Hut that even under these circumstances conduction 
13 also unpaired bv the direct muscular action of the glucosides is 
shown bj the demonstration by Lewis, Drurj and Iliescu*’ that if 
the auricular rate is greatly aetdented b> electrical stimulation— 
tlius simulating the state of affairs in human auricular fibrillation— 
the depression of conduction b> digitalis bodies becomes manifest 
They interpret tlieir findings os indicating that under these circum- 
stances digitalis bodies depress conduction, not bj slowing tlie rate 
at which the fibers conduct the impulses but rather by an increase 
m the refractory period of the junctional tissues In the later 
stages of strophantliin poisoning Lewis and his associates found 
intra auricular block of similar origin and De Bocr'^ has found that 
tlie spread of the excitation wave through the ventricular muscle 
18 likewise hampered With sufbciently high doses of digitalis 
complete aiinculo-vcntncular block is produced by the direct 
action of the drug on the junctional tissues 
if) Apparently as a result of a direct action on the heart muscle 
favoring stimulus formation digitalis may evoke ectopic beats of 
ventricular, junctional, or auricular origin While the genesis of 
such cctopic beats is doubtless fav ored by slow mg of tlie heart the 
latter is not the fundamental cause, for digitalis may elicit them 
in the absence of slowing The production of ectopic rhythms by 
digitalis IS further discussed on page 724 

(j) Because of the uncertainty regarding the existence of true 
diastolic tone in the mammalian heart (page 305) the question of 
the effect of digilahs on the tone of the heart will not be discussed 
Iicre, the literature is reviewed by Wcese ” It raav however be 
pointed out that tlie frequent statements in clinical literature that 
digitalis augments the tone’ of the human heart really are based 
on no more than the observation that the heart diminishes in size 
under the mfluence of the drug But such decrease in the v olume 
of the lieart does not necessarily indicate augmented diastolic 
tone m a strict sense, it may result from diminution m \ enous return 
(page 702) or increase in the functional capacity of the myocardium 
by virtue of which the heart can pcrforia the same amount of work 
starting from a smaller diastolic volume 

(A) Digitalis mcreases the mechanical efficiency of the heart 
(page 711) 
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CORONARY BLOOD FLOW 

Most of the older m\cstigators (Cushn>“), \\orkmg on the 
isolated heart or excised coronary arteries found that digitalis 
constricts these vessels But the doses used ^^e^e far above those 
applied in human therapeutics On the basis of well-controlled study 
on intact animals, Gilbert and Fenn“ found evidence indicating, 
as they put it with appropriate caution, “tint digitalis bodies may 
exert a vasoconstrictor action on the coronary arteries” This 
effect was apparently at least partly due to stimulation of the 
vagus, which is a coronary constrictor, for it was absent after vagot- 
omy or atropinization HochreinV* measurements of coronary 
flow with the thermostromuhr disclosed only slight changes as a 
result of digitalis Ginsberg, Stoland and Siler** found in the heart- 
lung preparation of the dog that digitalis most often decreases 
coronary flow for about ten minutes, which is generally followed by 
an increase lasting for the duration of the experiment In the 
intact dog they observed no constant effect, they did not regard the 
changes observ ed as of magnitude sufficient to cause much distur- 
bance of cardiac function It w ould not appear to hav e been demon- 
strated beyond doubt that digitalis m therapeutic doses signiflcantly 
affects coronary bloodflow Itistobebornemmmdthatadrugmay 
influence coronary flow not only through direct action on the 
vessels but also through the intermediacy of changes m the rate 
and mode of contraction and relaxation of tlie heart Rem®* found 
that the coronary blood flow is most abundant m relation to the 
work of the heart when the rate is slow and the stroke volume large 
A direct constrictor effect of digitalis on the coronary arteries might 
thus be more than neutralized by tlie slowing due to the drug 

THE SIZE OF THE HEART 

One of the most constant effects of digitalis is that it diminishes 
the size of the heart This has been demonstrated under a variety 
of circumstances by accurate methods In the heart-lung prepara- 
tion Btjlsma and Reessengb,* Coba and Stee/e,” and others k&\e 
shown that when the heart starts to tire and dilate, the administra- 
tion of digitalis diminishes m size In the intact animal Cohu 
and Stewart'* have shown by radiographic measurements of the 
surface area that digitalis diminishes the size of the heart, they 
found this to be the case in both normal animals without cardiac 
enlargement and in those in whom the heart was enlarged as a 
result of experimentally produced mitral regurgitation or auricular 
fibrillation 

In man, Stewart and Cohn** Iiave shown by measuring the area 
of the cardiac silhouette that digitalis diminishes the size of the 
heart, both m health and m the presence of cardiac enlargement 
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and lieirt failure In their health} subjects tlie decrease in the 
surface area of the heart amounted to between 7 and 15 per cent and 
was It its inaxiinutn between four and twentj four hours after the 
administration of the ilrug As the effett of the digitahs w'ore 
oiF the heart returned to its normal size a process which some 
times took more than two weeks It is to be emphasized tJut the 
diminution m the size of tlic heart due to digitalis is rarelv is pro 
nounced as to be iinmcdiati-ly obvious m serial tcleo7oentgenoj,rani5 
careful technic is necessirj to dcmoiistr ite them A seemingly- 
striking diminution in the sire of the heart during digitalis therapy 
u often due mostly to relief of metconsin and shrinking of an 
engorged liver aa a result of winch the duphragtn descends and 
the heart occupies a more vertical jiosition 

THE RATE OF THE HEART 

The cfTctt of digitalis on the rate of the isolated heart and that 
of the intact experimental animal his alr&id} been discussed 
(page 6J5) In considering the clfects on llie heart rate m man 
patients witli auricular fibrillation or flutter are to be difTcrentiated 
from tliose with sinus rb>thin In auricular fibrill ition with accel 
crated ventricular rate the litter is almost ilwavs reduced to nor 
mal or even down to 40 or 50 beats per minute b> adequate doses 
of digitalis In auricular flutter also digitalis generallv diminishes 
die ventricular rate strikingly Inder both these circumstances 
the slowing is due predominantly to the imjiaimient of lunculo* 
ventricular conduction so that fewer stimuli from the fibnllating 
or fluttering auricles bombard tlie ventricles In addition the 
improved function of the ventricles due to this slowing and to the 
direct action of digitalis on the ventricular musculature— a factor 
stronglj emphasized bv Luten**— entails an additional slowing of 
the ventnciiiar rate due to elimination of that portion of the tachj 
cardia which is due to the heart failure itself (see below) 

In the presence of normal sinus rhythm on the contrary the 
effects of digitalis on the heart rate are neither so striking nor so 
constant Mackenzie^ pointed out that in patients with normal 
rhythm digitalis most often lias little effect on the rate but that 
exceptionally pronounced slowing results In only 1 of 12 patients 
with smus rhythm did Cohn arid braser* detect slowing prior to 
the onset of toxic svraptoms of digit ilization while 5 others devel 
oped slowing subsequent to the appearance of ratJier severe toxic 
manifestations Tollowuig a single dose of 1 mimm of tincture of 
digitalis per pound body weight Pardee*® observcil slowing of 10 
or more beats per minute before the onset of changes in the 7" wave 
in 3 coincidently with the alterations of tlie 7 wave m 4 and 
subsequently m 2 of tlie 9 patients studied In cliildren with 
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regular rhj thm the effects of digitalis on the heart rate are more 
pronounced than m adults, Sutherland*' and McCulloch and Hupe*® 
regularly observed marked slowmg of the pulse m children with 
rheumatic heart disease following full therapeutic doses 

To a large extent the degree of slowing produced by digitalis m 
sinus rhythm depends on the circumstances in which it is given 
Tn patients in whom there is sinus tachycardia due to causes other 
than heart failure— for instance, m neurocirculatory asthenia, fever, 
or hyperthjroidisim— therapeutic doses of digitalis generally cause 
little or no slowing On the other hand, when sinus tachycardia is 
a manifestation of heart failure, presumably functioning as a com- 
pensatory mechanism (page 293), digitalis most often causes defi- 
nite and sometimes pronounced slowing of the pulse In such 
patients I hav e repeatedly seen slow ing of about 30 beats per minute 
vvithin forty-eight hours The explanation of the pronounced 
slowing in some patients witli cardiac insufficiency is perhaps that 
m addition to tlie direct effect of digitalis, the alleviation of heart 
failure removes a factor which has evoked acceleration of the heart, 
the slowing is thus both one of the causes and one of the effects of 
the success of the digitalis therapy 

THE CARDIAC OUTPUT 

It was long accepted that digitalis in therapeutic doses always 
increases the volume of blood pumped per minute bv the heart 
This belief was largely an inference from tbe action of the drug m 
heart failure but was also supported by some animal experiments 
Thus, Cushny found by measurements with the cardiometer that 
with suitable doses of digitalis the increased power of the individual 
contractions more than atones for the slowing of tlie rate, with 
the result that the cardiac output is increased 20 or 30 per cent 
On the other hand, he found that witii excessive doses the slowmg 
predominates and the cardiac output falls below that before the 
administration of the drug 

More recent studies have revealed, however, that the problem 
of the effect of digitalis on cardiac output is more complicated 
than would be inferred from these expenments, depending not only 
on the cardiac but also on the extracardiac actions of the drug, and 
further on the state of the circulation when the glucosides are 
administered Most important of all has been the demonstration 
that digitalis may have a diametrically opposite effect on cardiac 
output in health and m heart failure In health digitalis diminishes 
cardiac output, while in heart faihire if map increase the volume of 
blood pumped by the heart 

Effect of Digitalis on Cardiac Output m Health —The important 
though seemingly paradoxical fact that digitalis dimmislies cardiac 
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output m health Avas brought out by the pioneer m\estigation of 
Harrison and Leonard “ Using a direct method for determining 
the cardiac output based on the Fick principle, they found that 
follow mg the intramuscular injection into the dog of a "full thera- 
peutic dose” of digitalis the cardiac output decreaswl an average 
of 25 per cent Smaller doses caused lesser and larger a greater 
decrease iii cardiac output The maximum decrease appeared about 
SIX hours after injection and lasted for about fortj -eight hours, tlie 
cardiac output then gradually rose, reaching normil m about sit 
days 

Similar observations were made in normal men by Burwell, 
Neighbors and Ilegen ' They found tliat the administration of 
from 1 4 to 2 7 grams of digitalis leaf was followed by a fall m 
cardiac output to an average of 84 per cent of the previous level 
With the development of nausea, the cardiac output rose to 94 per 
cent of the normal level and with the subsidence of this symptom 
again <leclincd to 82 per cent The decrease in cardiac output 
was proportionately greater than the slowing m rate, the stroke 
volume being diminished Burwell and his associates determined 
the minute volume by tlie carbon dioxide method of Field ct of, 
which yields absolute values Uiat are too high, but doubtless reveals 
the direction of changes m cardiac output in individuals witliout 
pulmoiury engorgement Furthermore, the findings of Burwell 
and his co-workcrs have been confirmed by Stewart and Cohn,” 
using the acetylene method They found the maximal decrease in 
cardiac output between four and twenty-four hour* after the oral 
administration of digitalis, at which time the minute volume was 
reduced In the light of these findings, and other confirmations, it 
may be accepted that m the absence of heart failure digitalis 
diminishes the cardiac output 

Effect of Digitalis on Cardiac Output m Heart Failure —The 
effect of digit ilis on the output of the failing heart has been studied 
on the heart-lung preparation and m the intact experimeDtal animal 
as well as in man 

In the heart-lung preparation, cardiac failure is documented by 
dilatation of the heart and nse in the pressure in the right auricle, 
while the output of the heart either falls or remains constant In 
the heart-lung preparation presenting these criteria of failure, Cohn 
and Steele” and Anitschkow and Trendelenburg* have shown that 
digitalis and strophantlim increase the cardiac output In one of 
Cohn and Steele’s experiments, digitalis augmented tlie cardiac 
output almost 400 per cent The action of the drug is manifested 
by eomculental increase m output, decrease m the pressure in the 
right auricle, and a diminution m the size of tlie heart— a triad of 
phenomena which demonstrates unequivocally that the glncosides 
have augmented the functional capacity of the heart 
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The changes m cardiac output due to the administration of 
digitalis to animals with experimentally produced cardiac changes 
have been studied bj Cohn and Stewart” In dogs with mitral 
regurgitation but no heart failure, digitalis had the same effect as 
m health, t e , a decrease in minute volume On the other hand, 
when Stewart and Cohn’* produced m dogs auricular fibrillation 
with consequent enlargement of the heart and decrease in cardiac 
output, the administration of digitalis resulted m decrease m the 
size of the heart and increase in cardiac output 
Observ ations on the effect of digitalis on cardiac output in human 
heart failure have not been wholly concordant Using Grollman’s 
original acetjlene method, Stewart and Cohn observed increase in 
the diminished cardiac output of 3 of 4 patients with heart failure 
and regular rhjthm and in all of 3 patients with heart failure and 
auricular fibrillation And even m the patient m whom the cardiac 
output did not rise when digitalis was administered, it fell to a 
still lower level seventj-two hours later The extensive studies of 
Friedman, Clark, Resnik and Harrison,® m which the> used a 
modification of Grollman’s acet>lene method better adapted for 
patients with dimimshed vital capacitv, did not reveal so constant 
a rise in cardiac output when digitalis is administered to patients 
with heart failure Of the 22 patients with heart failure whom they 
studied, 5 had an increase m cardiac output of more than 10 per 
cent following digitalization, 4 had a decrease of more than 10 per 
cent, while the remaining 13 exhibited a change in minute volume 
of less than 10 per cent In each of the three groups some of the 
patients improved, while others did not Friedman and his asso- 
ciates believe that the difference between their findings and those 
of Cohn and Stewart is due to the method used by the latter in\ esti- 
gators m which the first samples of gas were taken after fifteen 
seconds, according to Harrison el al , this time is too short to attain 
a homogeneous mixture m the lung bag gas system when the vital 
capacity is diminished (page 37) However, in an extensive investi- 
gation using the same method as Friedman et al , Stewart and his 
associates’* found increases the output of the failing heart From 
these observations, it would appear that when digitalis is admin- 
istered to a patient with subnormal cardiac output due to heart 
failure, the cardiac output generally increases But the above- 
mentioned studies of Friedman et al indicate that this is not invari- 
ably the case, a possible rationale for differences m the effect of 
digitalization on the cardiac output is discussed below (page 702) 

Mechanisms of the Changes m Cardiac Output Due to Digitalis.— 
At first glance, the effects of d^italis on cardiac output appear 
paradoxical 

1 In health, both in man and the experimental animal, digitalis 
decreases the minute volume of the heart 
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2 In heart failure, digitalis may greatly increase cardiac output, 
though m other instantts it dots not affect or even decreases the 
minute volume 

The inecliinism by which digitalis elevates cardiac output m 
heart failure seems clear enough Ihe insufficient heart does not 
empty as toniplttely as in hcdtii, the volume and pressure of the 
blood witliin the failing diimhcrs during diastole is augmented, 
and in consequence the sjstemic veins become engorged A more 
than adequate venous return is thus assured and the cardiac output 
IS determined by the functional capacity of the lieart Digitalis 
increases the function d capacity of the failing heart— through such 
effects as slowing a npid ventricular rate, rendering tlie rhythm 
of tile \ entricle more regular in auricular fibrillation, and increasing 
the forte of ventntiilar systole (see page C94 for details)— and thus 
elevates the cardiac output 

A more difficult problem, and one which has called forth differ- 
ences of opinion that have not yet been harmomred, is that of the 
mechanism or mechanisms by which digitalis diminislies cardiac 
output m hcaltli and m some instances of lieart failure Ihree 
possibilities immediately come to mind 

1 'lliat digitalis impairs the contractile power of the hcalthv, 
ns contrasted with tlic functioiiallv defective, heart muscle Such 
1 conception is contrary to the findings on the isolated heart (page 
G94) rurthcmiorc, it is immediately ruled out of court by the 
fact that the decrease m canji ic output is accompanied by diminu- 
tion m the size of tlie heart, decrease in contractile power would be 
manifested by dilatation of tlie heart 

2 That digitalis increases the diastolic tone— using the term m 
Its strict sense (page 305)— with the result that there is greater 
resistance to diastolic filling with corresponding decrease in cardiac 
output But such dn increase m diastolic filling would be accom- 
panied by a rise in v cnous pressure, w hile such cv idence (page 709) 
as IS available bespeaks rather a tendency to fall m venous pressure 

3 That in addition to its cardiac actions, digitalis also has 
cxiracardiac effects which serve to duninish the venous return to 
the heart and consequently the cardiac output, a conception which 
wc owe primarily to tlie investigations of Dock and Tainter '* If 
It could be shown that digitalis diminishes the circulating blood 
volume, this would explain the phenomena encountered when digi- 
talis acts on the healthy oiganism, for a decrease in circulating 
blood volume entails diminution m venous return to the heart, 
which in turn decreases venous pressure, the size of the heart, and 
the cardiac output That digitdis diminishes the size of the heart 
IS indicated by the studies of Hamson and Leonard and Stewart 
and Cohn (page 697), and that, m health, digitalis diminishes the 
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circuhting blood \oIuine by tlie observations of Wollheim*® and 
Mies 

Dock and Tainter's conception that digitalis diminishes cardiac 
output bj lowering \enous return to the heart ^vas based on the 
observation in dogs that following the administration of the drug 
there was simultaneous diminution in venous pressure, cardiac size, 
and cardiac output Further studies revealed that coincidently the 
volume of the liver and spleen and the pressure in the portal vein 
are augmented Katz and his associates** have confirmed these 
observ ations in the dog The increase in the v olume of the liv er and 
spleen following digitalization has also been demonstrated in the 
rabbit b> Mies On the basis of these findings. Dock and Tainter con- 
cluded that the diminished v enous return to the heart and decrease 
in circulating blood volume produced by digitalis are due to con- 
striction of the hepatic veins (page 66), as a result of which blood is 
pooled m the portal region and tlius removed from the active circu- 
lation However, it remains to be determined whether constriction 
of the hepatic veins as a result of digitalis is as important in man 
as m the dog, other evidence (page 66) indicates that the hepatic 
throttle mechanism is not as highly developed in man as in the dog 
and it does not seem probable that constriction of the hepatic v eins 
pla>s a significant part in the action of digitalis in man But what* 
ever the mechanism, there would appear to be a good deal of evi- 
dence for Dock and Tainter’s conception that the diminution m car- 
diac output produced by digitalis m health is due to diminution in 
circulating blood v olume and consequently venous return to the heart 

In the diminution in circulating blood volume that follows 
digitalization in heart failure, the action of the drug on the heart 
13 probably also concerned For increase in circulating blood v olume 
IS a result of heart failure, apparently manifesting the engorge- 
ment of the stream bed upstream to the failing chamber (page 70) 
Consequently, when digitalis strengthens the failing heart and thus 
lessens the engorgement, one would anticipate a fall m the volume 
of blood m active circulation 

To summarize Digitalis affects cardiac output through two 
mechanisms (1) Through increasing the functional capacity of 
the heart, which tends to augment cardiac output, and (2) through 
decreasing the circulating blood volume and venous return which 
tends to dimmish cardiac output 

In health, cardiac output is regulated, not bj the functional 
capacity of the heart but by the venous return (p4age 31), for the 
heart is able to pump any volume of blood that is returned to it 
in the ordinary course of life The result is that the increase in the 
functional capacity of the heart due to digitalis does not come 
into plaj On the other hand, Ae peripheral action of the drug. 
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\\hich dimmiilies the circulating blood volume and tlie \cnous 
return is luaiiifcsted b> decrease in cardiac output 

In heart failure of sufficient se\erity, on the contrary, the cardiac 
output 13 regulated not onlj by the venous return liut also by the 
functional capacity of tlie heart The highest cardiac output is 
conditioned by Uit seventy of the heart failure, and if the latter is 
sufhciently pronounced the cardi ic output is subnormal e\ en at rest 
Under these circunistaneea it is obvious tliat the increase m the 
functional capacity of the heart due to digitalis will tend to be 
manifested by an increment in cardiac output On the otlier 
hand, the diiniiiution in circulating blood volume and venous return 
also e-omes into play and tends to dimmish cardiac output Uither 
the cardiac or the peripheral effects of digitilis may predominate m 
a particular pa tient—nhich harmonizes vviUi the finding of Friedman 
ci a/” that digitilization in heart failure may result in either 
increase or decrease m cardiac output, though die former is more 
common 

THE ELECTROCASOIOORAM 

The administration of digitalis in thcripcutic doses often causes 
ch ingcs m the electrocardiogram Some of these are due to the 
direct action of the drug on the muscle others irc produced through 
the intermediacy of vagal stimulation It is important that the 
electrocardiographic manifestations of digitalization be borne m 
mmd, for they may simulate myocardial disease and indeed pro- 
tracted observation is sometimes needed for differentiation 

The first change m the electrocardiogram due to digitalis is usually 
the alteration m the RS-T interval and T wave first observed by 
Cohn, Fraser and Jamieson'* in 30 of TI subjects to whom they 
administered the drug Most often this consists in a depression 
of the RS-T interval and a diminution m tlie height of the T wave 
Quite characteristic is depression of the RS-T interval and only the 
first part of the F w av e below the isoelectric lev el w hile the terminal 
portion of the T wave rises above the zero level The diminution 
m the height of the T wave may progress so that it becomes flat 
or negative In other cases the T deflection is decreased in size 
or inverted with little change m the RS-T interval, while in still 
others the RS-T interval is dqircssed with little change in the T 
w av e A negativ e T wav e may become positiv e as a result of digi- 
talization Pardee** points out tliat when axis deviation is present 
digitalis changes the T wave m sudi a manner that m each lead it 
becomes opposite in direction to the predominant wave of Q-iJ-S 
The effect of digitalis on precordial leads has been studied by Strauss 
and Katz *® 'ftey observed that the S-T segment becomes posi- 
tive or negative and tlie T wave smaller, in one case the T wave dis- 
appeared, in another it became native The electrocardiograms 



Fio 23 — EfTecfs of digitaJis on the electroeardiogram the RS-T segment and 
first part of the T wa\o are depressed in the first and second leads and elevated in 
the old fourth lead 
44 
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with marked elevation of tlie S-T interval m the fourth lead may 
closely simulate those of Ki>ocatd\al infarction 
The changes m the RS-T mtenal and T wave may be eiident 
within two to four hours after a massive oral dose of digitalis, and 



Fio 21 — Cffoets ol d gitalia on <ti0 declrocardiograia depression of the RS-T 
iiitor\al m the second third and dd fourth lesda aud jnversioo of the T wave in 
the second and third leads 


may take as long as two or three weeks to disappear The altera- 
tions are apparently due to direct action of the drug on the heart 
muscle for they are not abolished by atropimzation 

Wtlier electrocardiographic manifestation of the action of 
digitalis IS prolongation of the P~R interval ^Vhite and Sattler** 
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observed such prolongation in 4 of 5 healthy men to whom they 
administered 2 to 3 grams of di^talb leaf in the course of seven to 
ten days They found that the effects on the T wave precede the 
prolongation of auriculo-ventricular conduction time by se\ eral days. 
In individuals without previous disease of the bundle of His the 



Fia 25 —Effects of digitalis in the electrocardiogram every third beat is a ven- 
tricular extrasystole, resulting in trigeminal rhythm, P-R interval longer than pre- 
viously (old fourtb lead). 


prolongation of the auriculo-ventricular induction time fay digitalis 
m the doses used in man is not extreme, rarely exceeding 0 25 second, 
and according to Pardee does not go on to the degree of block which 
produces dropped \entricular beats.* In individuals with previous 

• However, I have recently seen aunculo-ventncular block with dropped beats in 
a neurotic who treated himself with huge doses of dunt^is, the block cleared up when 
the Bclf-medication was discontinued {ef also page 724). 
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impairment of conduction on tlie otlicr hand liij,htr degrees of 
block may result from digitalis tliesc will be discusseil below m 
conjunction with the toxic manifest itions of digitalization Ihe 
lesser grades of impairment of aunculo ventricular conduction are 
due largel} or entirely to vagal inhibition for they are abolislied 
b^ atropinization Witli higher degrees of digitalis block this is 
not ilw ays the case (Cushny) indicating that here the direct action 
on the drug on the bundle is significant It is possible howexer 
that the atropinization m sutli observations does not completely 
abolish \agal inhibition for in tlic ett Robinson and Wilson “ found 
that after tJie \agi had been cut the conduction time was unaffected 
bj digitalis given to the lethal dose 

Ihe effects of digitalis on the duration of the individual phases 
of tlie electrocardiogram have been studied by Berliner* and by 
Cheer and Dieuaidt ’ Tliey find that tiie duration of electrical 
systole i « thcQ T interval is decreased m relation to the com 
plcte length of the cycle It will be recalled that the mechanical 
tracings also show that digitalis abbreviates systole (page 095) 
whicli is prolonged in heart failure Cheer and Dicuaide find that 
tlie shortening of systole by digitalis takes place at the same time 
as the lowering of tJie T wave 

Inversion of tiie P wave or slight slurring or notching of the 
Q R S complax are occasionallv observed in the course of digi 
talization (Wetld” and Brotnerand Blumgart*) 

The ectopic beats and other changes in rhythm that may result 
from digitalis are considered on page 72-1 

The amounts of digitalis required to produce different electro- 
cardiographic changes have been studied on several occasions 
Robinson and Wilson*' administered digit^ilis intravenously to cats 
and found that inversion of tlie T wave appeared after an average 
of 23 9 per cent of the fatal dose definite prolongation of the P R 
interval after an average of 52 5 per cent ectopic beats vfter an 
average of 71 6 per cent and complete aunculo ventricular disso- 
ciation by an average of SO jicr cent of the letlial dose Levine and 
Cunningham** found that on intravenous administration about 
50 per cent of tlie fatal dose of digitalis or strophanthin calls forth 
ectopic beats However Gold Hitzig** and their associates point 
out that these ratios vary with different digitalis preparations 

VELOCITY OF BLOOD FLOW 

It has already been mentioned (page 58) that digit ilization m 
creases the velocity of blood flow in heart failure Measurement 
of the circulation time is sometimes useful m following quasi 
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quantitatively the improvement of heart failure under treatment 
The increased velocity of flow may be definite before subjective 
improvement is unequivocal 

CIRCULATING BLOOD VOLUME 

Wollheim*® sliowed that digitalis diminishes the volume of blood 
in active circulation Following the intravenous injection of 2 cc 
of digipuratum, he observed with the dve method a decrease of 
between 300 and 1600 cc* in the circulating blood volume of 9 nor- 
mal subjects and 9 compensated and 20 decompensated cardiac 
patients, in 8 other individuals with heart failure the circulating 
blood volume was unaffected Lsing the carbon monoxide method, 
Schuermej er’* likewise found that digitalization decreases the cir- 
culating blood volume in heart failure With the dve method, 
Mies*® found a decrease in circulating blood volume following the 
injection of strophanthin both in health and in heart failure, the 
same occurred m rabbits In the latter, the size of the decrease in 
blood volume was proportional to the dose of strophanthin and 
lasted at least twent.v-four hours following a single injection The 
mechanism of the decrease m circulating blood volume has been 
discussed abov e (page 702) 

VENOUS PRESSURE 

^^^len digitalis is administered to patients with msufficienc> of 
the right side of the heart and is therapeutically successful, the 
venous pressure falls I have repeatedly observed a fall in venous 
pressure following successful digitalization in auricular fibrillation 
from over 20 cm to about 5 cm within twenty -four hours 

TJie effect of digitalis on venous pressure in the absence of heart 
failure is of great interest m conjunction with the mode of action 
of the drug (page 702) Older animal experiments bv Popper®* 
and Yohota” showed that the venous pressure falls as the arterial 
tension rises m the early stages of digitalis action Similarlv Dock 
and Tain ter*® found a fall in venous pressure m dogs following the 
administration of digitalis, but their observations were carried out 
for only a period of two hours or less In 3 liealthj men Stewart 
and Cohn^* detected no constant effect of digitalis on venous pres- 
sure On the other hand, on the basis of a more extensiv e study on 
8 subjects, llj tand** concluded that digitalis low ers v enous pressure 
m health The lowering of venous pressure was most pronounced 
between twentj-four and thirtj-two hours after the administration 
of digitalis with a return to a normal level between seventy -two and 
ninetj-six hours However, the magnitude of the depression in 
venous pressure observed bj Rjtand was so small as to be diffi- 
cult to evaluate 
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ABTERIAL PRESSURE 

When large doses of digitalis, far m excess of those used m tlicra- 
peutics, are administered to animals, the arterial pressure rises 
A vanet> of experiments (see Cushny” for details) show that this 
pressor effect of digitalis is due to arteriolar constriction ^Vith 
smaller doses there is little effect on the blood pressure, unless the 
latter is depressed because of heart failure, m which exent the 
arterial pressure rises with improvement of tlie heart 

In man, a pressor effect is not mamfest with the doses of digitalis 
used therapeuticallj This is true not only in the presence of nor- 
mal blood pressure hut also in individuals with hypertension 
Indeed, digitalization m heart failure i> most often followed by a 
drop in arterial pressure ITie latter i3 probably not due to any 
specific action of digitilis on blood pressure, but is rather one of 
the manifestations of the rchef of the cardiac insufficiency Tlie 
matter is furUier discussed on page 82 

MECHANISM OP RELIEF OP HEART FAILURE BY DIGITALIS 

It IS evident from the foregoing tliat various mechanisms are 
concerned in the relief of heart failure by digitalis, and their relativ e 
importance vanes in different types of canliac insufficiency Ihe 
most important are Uic following 

1 Depression of Aunculo-ventncular Coadueboo —In auricular 
fibrillation, the depression of the conductivity of the bundle of His 
serv es to lessen the number of impulses tiiat the bundle can transmit 
The result is that the ventricles are largely shielded from the 
numerous impulses with which they are bombarded by the auricles, 
which are undergomg some 500 fibrillary twitches per minute 
With tlie resultant slow mg of the ventricles, the diastolic rest period 
is augmented, the force of the individual systoles increased, and 
emptying is more complete A factor of especial importance is 
doubtless elimination of pulse deficit, i e , of ventricular systoles 
which occur so soon after tfie preceding contraction that they are 
too feeble to raise the aortic valve and thus represent wasted work 

The efficiency of digitalis m auricular flutter is also partly due to 
depression of aunculo-v entricular conduction (page 754) 

2 Inhibition of the Smo-auncolar Node —In heart failure m which 
the rhythm is regular but the rate rapid, the slowing of the whole 
heart by vagal inhibition of the sinus (page 695) is undoubtedly 
often an important factor in improvement due to digitalis The 
resultant lengtbemng of the diastolic rest period is presumably 
especially favorable when the heart is hypertrophied and dihted 
For the thickened fibers of the hypertrophied heart require a longer 
tune for completion of oxygen iffusion and the dilated heart uses 
more oxygen for the same amount of work 
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3 Direct Action on the Heart Muscle— This is probably the most 
important means by ■which digitalis tends to help heart failure with 
regular rhythm, but also participates in the action in auricular 
fibrillation The direct action on the heart muscle is manifested in 
several ways which are conducive to tlie alleviation of heart failure 

(o) The absolute force of ventricular sj stole is increased (page 
G94) 

(6) Gremels” and Peters and Vissclier® hav e found in the heart- 
lung preparation of the dog that the efficiency of contraction of the 
heart is increased by digitalis bodies in the sense that less oxjgen 
13 used for the performance of a given amount of work in some of 
Gremels experiments, the amount of oxjgen consumed fell to about 
one-quarter of the previous quantity when strophanthin was 
administered This reduction in oxjgen consumption is presum- 
ably at least largelj a consequence of tlic diminution m the size 
of the heart due to digitalis for Starling and Visscher showed that 
the oxjgen consumption of the heart for the same amount of work 
becomes greater as the diastolic size of the heart increases 

(c) What IS doubtless another aspect of the foregoing is that 
digitalis combats /ahjue of the heart muscle which is probablj the 
very essence of most instances of heart failure (page 330) This 
was illustrated by the experiments of Schaefer” on the heart lung 
preparation of the cat He compared tlie response of digitalized 
hearts to repeated increments of the venous pressure with rest 
periods between, and found that the digitalized heart became 
fatigued more slowly than the control Thus in one experiment 
after four periods of increased venous pressure the digitalized heart 
still pumped 170 cc of blood per minute while the minute volume 
of the control had fallen to about 60 cc 

4 Decrease m Venous Return — The evidence tliat digitalis 
decreases circulating blood volume through extracardiac action has 
been reviewed (page 709) Decrease m circulating blood volume 
entails diminution m venous return, which reduces the work of 
the heart and may be a significant factor m bringing the latter 
within the capacity of the functionally impaired organ Further 
studies to reveal the quantitative importance of this factor are 
needed 

Through the mechanisms just enumerated, digitalis increases the 
heart’s capacity for work and perhaps also diminishes the w ork which 
the organ must perform Since the manifestations of heart failure 
result from the work of the heart approaching the functional 
capacity of the organ — either as a result of increase of the former 
or decrease of the latter, or more often both— digitalis tends to 
ameliorate or clear up these ^mptoms 

A pomt which is to be emphasized, and which has been brought 
out with especial force by the important studies of Harrison and 
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hi3 co-workera (page 701), istluttlic iinpro\ eiiient of airdnc failure 
bv digitalis does not ritcessarily entail mcrtj’.e in cardiac output, 
though this usuallv occurs This is readily c-omprtheiisiblc in the 
light of Starlings law of tlie heart Let us consider, for example, 
a patient a\ith left \ entricuKr failure due to hypertension and coro- 
nary arteriosclerosis The insufficient left ventricle fails to empty 
completely m consequence, as alreidy described (page 300) the 
chamber dilates, and the xoliimc of blood and pressure within it dur- 
ing diastole increase The augmented diastolic blood content and 
preijsure witiun the left vtntntlc may, is expressed in Starling s law 
of the heart (page 302), imintam tlie cardiac output close to its 
previous le\ el but at the same time tliey ent nl engorgement and 
hypertension of the pulmonary circuit which m turn cause dyspnea 
and other symptoms Digit ills augments Uie force of the systole 
of the left ventricle with the result that the clumber empties more 
completely md tlic diastolic intraventricular filling and pressure 
fall In conse<iuence the engorgement of Uie pulmonary circuit is 
lessened and the resultant dvspnea clears up Uhat digitalis has 
done 13 not necessarily to increase the minute volume of the left 
ventricle, but to enable ibis ebamber to pump tlic sime volume of 
blood starting from a sm Ulcr diastolic filling Intleed tJie measure- 
ments of Harrison and his associates indicate that sometimes the 
improvement is a result of digitalization is accouvjunievi by decrease 
m cardiac output, whicli is pcrhips attributable to m evtncarduc 
action of the drug diinmislung circulating blood volume and con- 
sequently venous return 

THE KIDNEYS AND THE URINE 
Withering originally introduced digitalis as a diuretic Actually 
one of the most common evidences of successful digitalization is an 
increase m tlie urinary volume ate oinpamed bv a loss m bodv weight 
Daily measurements of urinirv volume and bodv weight afford 
useful indices of the efficacy of digitalis treatment With successful 
digitalization of a patient witli auricular fibrillation and cardiac 
edema the daily uriiury volume may rise within twenty four hours 
from 200 or 300 cc to over 3 liters At the sime time tlie pre- 
viously typical ‘cardiac’ unni, (page 270) becomes light in color 
the sediment disippears the specific gravity falls albuminuria 
lessens ind the concentration of chloride rises 
When digitalis is efficacious in failure of the right side of the 
heart diuresis always occurs and doubtless corresponds to the 
resorption of edem i alUiough the latter may be occult and rev ealed 
only by loss of bodv weight On the other Iiand I have severil 
times observetl relief of dyspnea and otlier manifest itions of pul 
monary engorgement in patients with isolated insufficiency of tlie 
left side of the heart without definite mcrease in uruurv volume 
In such instances of uncomplicated left sided failure there is no 
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edema other than perhaps pulmonary and consequentlj especially 
since the fluid intake of the patients is restricted the urinary 
output IS not notably increased 

The diuretic effect of digitalis is confined to patients with heart 
failure in health nephrotic or nephritic dropsj the ascites of 
cirrhosis of the Iner etc tlie unnarj volume is not increased 
The augmentation m unnarj volume in heart failure is due to 
improvement of the circulation The resulting fall in venous and 
consequently capillary pressure and in some cases increase in 
cardiac output fav or the resorption of edema fluid into the blood 
stream from which the functionally competent kidney eliminates it 
There is every reason to believe that it is the resorption of edema 
which is of pnmary importance in producing the diuresis and not 
the reverse In accord with this conception Stewart^* found that 
when digitalis is administered to edematous cardiac patients diuresis 
IS preceded bj fall m the specific gravitj of the plasma indicating 
that diuresis is initiated bj mobilization of fluid from the tissues 
In addition in the cases in which digitalis increases the cardiac out 
put augmented blood flow through the kidnej doubtless aidsdiurcsis 

Cushny found no evidence of specific action of digitalis on renal 
blood flow which would tend to favor diuresis In experiments m 
which he measured the blood flow through the kidnevs direcClj he 
found no dilatation of the renal vessels following the injection of 
doses of strophanthm insuflicient to raise the blood pressure when 
the latter was raised bj large doses blood flow through the kidnejs 
was lessened bj vasoconstriction Likewise Bartram* found that 
when digitan is injected directlj into one renal arterj of a dog 
the output of this kidney is generallj less than that of the other 
On the other hand in experiments on the heart lung kidney j repa 
ration of the dog Gremels” found evidence that digitalis bodies 
produce diuresis through specific effect on the renal parenchyma 
Pie observed increase in urimiy volume following the adininistra 
tion of strophanthm or digitoxin even though the blood flow tl rough 
the kidnejs was diminished Gremels believes that the glucosides 
vwhvbA twbwW lesotpUow wt water and eWwtide However \t 
would seem that more evidence is necessary to prove that even part 
of the diuretic action of digitalis is due to direct action on the 
kidney 

THE ADMINISTRATION OP DIGITALIS 

In the vast majority of instances digitalis is given by mouth 
The following remarks concermng preparations and dosage refer 
to the oral administration of the drug rectal and parenteral therapy 
is considered m a subsequent section 

Preparations of Digitalis —Tor oral administration preparations 
of digitalis are used almost exclusivelj in this countrv Stropban 
thus squill and the other digitalis allies have not been sliown to 
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possess therapeutic advantages o> er digitalis, and are liardly needed 
by the practitioner 

An enormous amount of ^vork has been de\ oted to the identifica- 
tion and isolation of Uie indi\idual active principles contained in 
digitalis Iea\es It >Aas hoped that some of these principles would 
possess tlie therapeutic virtues of the whole digitalis leaf without 
some or all of tlie disadvantageous side actions and, since different 
batches of digitalis leaf may vary m potenej, enable more accurate 
dosage So far, these hopes have proved illusorv \Miile a num- 
ber of fractions of digitalis leaf and glucosides are on the market 
none of tlieni have proved to have therapeutic advantages over the 
whole leaf Moreover, most of these preparations (see AVw and 
Non-ojjicuil Remedies for the more important) are expensive, and 
the cost js often an important consideration in a drug that maj 
be taken for jears It appears that in former jears the whole 
digitalis leaf and its galenical preparations available in many 
communities were of low and variable potency so tint physicians 
were forced to have recourse to special propnetarj digitalis prepa 
rations of known merit and relativdy constant strength Nowadays, 
however, potent digitalis and its galenicals are available almost 
everywhere Moreover, the drug as marketed by tlie leading 
manufacturers is standardized b> biological assay and often further 
checked by clmical trial llie methods of biological assay most 
often empio) ed for the standardization of digitalis m this country 
are the frog method and the cat method of Hatcher and Brody " 
In the variant of the frog method perhaps most often used, 1 frog 
unit is defined as the quantity of tlie drug necessarj to produce 
permanent systolic standstill of the ventricle one hour after injec- 
tion into the ventral lymph sac In the cat method, 1 cat unit of 
digitalis IS defined os the mimmal lethal dose per kilogram of cat on 
slow injection into the femoral vein No two batches of digitalis 
leaves have exactly the same potency, and for quantitative investi- 
gations it IS necessary that each be assayed by the cat or some 
other method However, most well-Jned and undeteriOTated digi 
tails has a strength of about 1 cat unit to 0 1 gram (1 5 grams) 
of the powdered leaf Since the official tincture of digitalis is of 
10 per cent strength, this means that 1 ec or 15 minims of the 
tincture contains 1 cat umt * 

* The Btatement la the text that 0 1 gram of digital a leaf or 1 cc of tincture of 
digitalia are equivalent to 1 Hatcher Brody cat unit is based on digitalis standard zed 
according to U S P X Moat of the d gital s turned out by phannsceutica! houses 
IS etiU standardized in accord «iUt USf X However BSP XI has altered 
the standardization of digital s so that the preparations are stronger than those 
standardized by X Fahr” has po nW out that this has resulted in over 

dosage by pbys cians accustomed to the older standardization wbo unwitt ngly 
prescribed d gitalis of U S J* XI According to Edmunds the digitabs of U S P 
XI IS about S5 or 30 per cent stronger than that of U S P X This means that 
1 Hatcher Brody cat unit is represented hy about 76 mg of dig talis leaf or 0 75 ec 
of tincture of d g talis of U.S P XI 
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The only preparations of digitalu required for oral administration 
are the powdered leaf, dispensed m the form of pills or capsules, 
and the tincture The infusion is more subject to deterioration, 
presents no advantages, and is now hardly used The pills or 
capsules permit of accurate dosage and are \ery convenient for 
ambulant patients It is- possible that some patients absorb the 
tincture better, but in at least the large majority of mdiMduals 
pills or capsules of the pondered leaf are also well absorbed In 
using the tincture, it is to be borne in mind that the drop of most 
medicine droppers is considerably less than 1 minim, with the result 
that the patient frequently takes much less than the number of 
minims actually prescribed Howe\er, some firms now dispense 
tincture of digitalis in a bottle with a dropper that yields 1 minim 
to the drop 

The Dosage of Digitalis —Withering®* advised that foxglove ‘ be 
continued until it either acts on the kidne>s, the stomach, the pulse 
or the bowels, let it be stopped upon the first appearance of any 
one of these effects ” His principle of dosage was thus the one 
recogmzed as sound today, t e , that digitalis should be given in 
quantity sufficient to pr^uce a physiological effect, rather than 
adherence to arbitrary dosage regardless of whether or not an 
effect IS produced Subsequently, however, the fear of toxic effects 
dominate the minds of many clinicians— perhaps largely because 
of the often unpredictable potency of the preparations at their 
disposal and vague definition of the field of usefulness of the drug— 
and inadequate doses of digitalis were often prescribed With the 
recognition by IHackenzie” of the remarkable efficacy of digitalis 
m auricular fibrillation, a clinical test object for the dosage of 
digitalis became available, and it was realized that the amounts 
previously prescribed were often too small It is, however, from 
the careful studies of Eggleston** with digitalis preparations care- 
fully assajed by the cat method of Hatcher and Brody that the 
present conception of adequate digitalis dosage has evolved 

Appropriate dosage of digitalis entails two considerations (a) 
The initial admimstxation of sufficient of the drug to obtain an 
optimum therapeutic response with a minim um of undesirable side 
effects, (6) the maintenance of the optimum therapeutic effect over 
protracted periods 

Initial Dosage —Formerly, it was the almost universal practice 
to imtiate digitalis therapy with a daily dose that was relatively 
small, according to present conceptions, but nevertheless exceeded 
the quantity of the drug excreted or destroyed in the body during 
the day By the daily repetition of this dose the amount of digita- 
lis in the body was gradually increased, with the result that an 
optimum concentration of the drug was usually attained m between 
three and ten dajs The classical example of such gradual dosage 
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js tlie practice ivitli i\hich Mackenzie®* obtaineil his brilliant results 
m luricular fibrillation Ht started omUi 1 dram of the tincture 
(equal to G grains of the powdered leaf) dailj m doses of 15 or 
20 minims \Vlien the situation was urgent and the distress great 
Alackenzie ga\ e as much os Z dr ims daily Ihese dail> rations were 
continued until adequate slowing of tlie ventricular rate a digestive 
disturb intc or some other toxic manifestation resulted Then the 
drug w IS stopped and the patient carefully observed \Vlien the 
ventricular rate began to accelerate digitalis was resumetl in doses 
one-half as large as those initially employed and the subsequent 
ration decided m accord with the behavior of the patient 

Another procctlure for the dosage of digitalis was introduced by 
rggicstoii'® He found that much larger doses of digit ilis than 
hiui prcvioush beam used can bt administered with safetj and 
therapeutic elfects ohtameil in correspondingly less time More- 
over the massive doses jicid excellent therapeutic effects m many 
CISC3 which are refractor} to smaller amounts and make tlie par 
enter il administration of digitalis rarel} nccessarj Bv careful 
observations on a large senes of patients Eggleston found that 
optimum tbenpcutic effects arc obtained when an avenge of 
0 15 cc of tincture of digitalis (or 0 015 gram of the powdered leaf) 
per pound hod} weiglit is idmmistercd within a period of twenty 
four or thirt} six hours UoughI} it miy be said tint tJie full 
tlaerapcutic effect usualK rctiuvres the administration of about 20 cc 
of tincture or 2 gnms of powdered leaf to a patient of uerage 
weight with somewhat smaller doses in light people and larger 
ones in heavy individuals Egglestons findings regarding tlie 
approximate amount of digitalis iieccssar} for full therapeutic 
effect aiui tlie safetj of such large doses liave been confirmed bj 
Kobinson ** I’anlee and others Of course it goes without sav ing 
tint tilt optimum dose of digit ills no more than that of an} other 
drug IS not immutabl} correlated with anv one variable such as 
bodv weight and doubtle&s differs for cicU individual and at differ 
ent times in the same person Ihus Pardee found that in different 
persons the amount of digitalis required to produce the same effects 
varied from 50 per cent above to 30 per cent below the average 
Nevertheless the dosage recommended b} Eggleston rejirescnts an 
approxim ition which is ver} v iluable m practice as a guide when 
rapid digitalization is required 

Eggleston advised that from one-half to one-third of the calculated 
quantitj be a Iministercd as the mitiol dose and tlie rest giv en in 
equal fractions at six hour intervals during the next twent} four 
to tliirt} SIX hours lor example in a man weighing 140 pounds 
the total amount to be given is about 20 cc of tincture (or J grams 
of powdered leaf) of which 8 cc (08 gram of the leaf) ma} be 
given as the initial dose and followed b} six doses of 2 cc (0 2 gram 
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of leaf) at four hour intervals With these doses, significant thera- 
peutic effects 'vre often evident withm six hours after the initial 
dose and maximum digitalis action may be attained within twelve 
to eighteen hours Pardee found that following such large oral 
doses of digitalis, changes in the T wav e due to digitalis w ere present 
within two hours in 3 of 9 patients and within three hours in 7 
of the 9 

It need hardlj be cautioned that rapid digitalization using 
massive doses should not be attempted if the patient has had 
digitalis in the preceding two weeks Tlie patient sliould be under 
the close supervision of a competent nurse or else seen at frequent 
intervals bj the phjsicnn Ihe nurse should be instructed that if 
the pulse falls below 70 per minute or coupling appears, or if nausea, 
vomiting or diarrhea develop, no further digitalis is to be given 
without first notifying the phjsician 

\Vhether rapid or more gradual initiation of digitalization is to 
be attempted must be decided for the individual patient In 
general, massive doses of digitalis are to be administered only to 
patients with severe heart failure and urgent svmptoros m whom 
there is reason to believe that the condition is rapidly becoming 
aggravated Especially severe heart failure witli a verj rapid 
ventricular rate calls for a large initial dosage to slow the rate as 
rapidlj as possible and thus avert the exhaustion of the heart which 
a npid rate favors Ibe majorit} of those in whom massive digit- 
alization IS indicated have auricular fibrillation or flutter Surgical 
or obstetrical emergencies, or the development of pneumonia or 
another acute infection, m a patient witli heart failure may call for 
large doses of digitalis Where the heart failure is but slight or 
moderate, there would seem to be no advantage in starting digital- 
ization with massive doses The same is true of heart failure of 
severe degree but considerable standing, in which there is no reason 
to believe that the condition is rapidly becoming worse Under 
these circumstances the administration of digitalis maj be started 
with doses of 2 cc of the tincture or 0 2 gram of the powdered leaf 
three times daily 

The Mamtenance Dose —The next problem that arises is that of 
how much digitalis to give after initiation of the drug b> the pro- 
cedures just outlined By the initial doses the optimum effect 
possible under the circumstances has been secured In some cases 
the digitalis works so well that the sjraptoms and signs of heart 
failure are largely ehminated In these instances one nm} proceed 
directly with the administration of digitalis in doses which serve 
to maintain the improv ement, the so called maintenance dose In 
other cases, digitalis meets with little or but moderate success and 
in the effort to improve this so much of the drug is given that 
nausea and vomiting, excessive slowing, ectopic beats, or other 
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manifestations of overdosage appear Then, it is necessary to 
pause for a few dajs until these manifestations clear up and then, 
if It 13 decided that digitalis has some prospects of helpmg the 
patient, proceed to the admmistration of the maintenance dose 

The importance of rational maintenance dosage of digitalis is 
evident from tlie fact that many patients who ha\ e been digitalized 
must perforce take the drug for the rest of their life, even for a 
decade or more In adjusting tlie maintenance dose, whidi needs 
supervision and frequent!) altering quite as much as does tlie pro- 
tracted administration of insuim, two considerations are obviously 
paramount (1) That the functional capacit) of the heart be kept 
at as high a level as feasible, and (2) that episodes of overdosage be 
avoided as much as possible Actually, many patients who take 
digitalis for long periods, especially those with auricular fibrillation, 
become ver) expert at adjusting the doses of the drug to their needs 

The adjustment of the maintenance dose of digitalis is complicated 
by the facts that (1) The action of a single dose persists with 
gradually decreasing intensity for a considerable time, and (2) the 
action of a second dose during the period of action of the first dose 
13 summated with what is left of the latter The tenacious per 
sistence of tlie action of digitalis is iHustratwi b) the effects on the 
T wave which may still be evident three weeU after the drug is 
discontinued Likewise Hobmson** found that when the ven- 
tricular rate is slowed by a stogie large dose of digitalis, the effect 
IS still manifest for an average of over nine days It seems a fair 
assumption, although this is not >ct directl) proved, that such 
long-continued action is at least largel) due to persistence of the 
drug wathin the body • To some metent, however, protracted 
improvement of heart failure may be due in addition to the effect 
of digitalis remaining in the body, to the interruption bj the digit- 
alis of "vicious circles tending to perpetuate heart failure ^Vhere 
m the body digitalis is stored is not known It has been found 
(see Hatcher and Eggleston** and Cushny**) that following intra- 
venous administr ition digitalis disappears from the blood stream 
within a few minutes In which organs the glucosides are deposited 
remains to be discovered some digitalis has been found in the liver 
of the rat by Hatcher and Eggleston** and of the pigeon by Hanzlik 
and Wood ** But the liver cannot be the sole storage place, for 
Hatcher and Eggleston found in the rat that strophanthin disap- 
pears from the blood stream within two minutes after intravenous 

* Recently WeeH" and others have found necrotic cbenges in the lieut muscle of 
animals treated with large doses of these lea ons appeared se>eral dsys after 

the drug had been given They therefore advance the suggestion that cumulative 
eETects may be due not only to tbe persistence of the drug withm the body but also 
to alterations induced by the first dose which increase the vulnerability of the an loal 
to succeeding doses More evidence would appear necessary before this view can be 
accepted That lesions of the heart muscle are produced in man by d gitalis remains 
to be demonstrated 
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injection even after the hver is removed There appears to be no 
evidence (Cushny^*) that an e^ecially high proportion of the drug 
IS stored in the heart Nor is it known to what extent the cessation 
of action of digitalis is due to the excretion of the drug or its destruc- 
tion in the body 

Attempts ha\e been made to estimate the amount of digitalis 
which disappears from the body per day by observing the rate at 
which some of the manifestations of its action disappear following 
cessation of the administration of the drug This was first done 
by Pardee ** He administered digitalis until vomiting appeared 
The drug was then stopped for some days Digitalis was again 
given until vomiting developed On the assumption that vomiting 
appears when a fixed concentration of digitalis in the body is 
exceeded, the difference between the amounts of digitalis given in 
the first and second courses divided b> the number of dajs that 
elapse between the courses indicates llie average daily rate of disap- 
pearance of the drug By this method Pardee found that on an 
average 22 minims of tincture (assaying 1 25 cc per cat unit) 
disappeared from the body dailj However, in individual cases the 
daily disappearance of digitalis varied from 55 per cent below to 
82 per cent above the average Similar studies were carried out 
b> Bromer and Blumgart,* using changes in the T wave and P-R 
interval as the criterion of digitalis action Their results indicated 
that the average rate of disappearance of digitalis from the body 
IS 23 5 minims of a tincture standardized to 1 minim per cat unit, 
the variations were only from 198 to 28 9 minims and were not 
influenced b> the weight of the subject, the nature of the cardiac 
lesion, or the state of compensation 
From these observations the inference has been drawn and widely 
applied that, once the patient has been digitalized, the amount of 
digitalis necessary to maintain this state— the maintenance dose— 
IS about 1 5 cc of the tincture or 0 15 gram of the powdered leaf 
dailj Such an inference, however, is not justified for, as noted 
above, Pardee found wide variations m the rate of disappearance 
of digitalis in different individuals Likewise, the studies of Gold 
and De GrafP* indicate that the daily rate of disappearance of 
digitalis 13 by no means constant but is affected by the amount of 
digitalis m the body and by other factors As would be anticipated, 
they found that the greater the amount of digitalis m the body the 
larger is the daily elunmation Presumably such differences m the 
rate of elimination of digitalis account for Gold and De Graff’s 
finding that a patient may exhibit identical digitalis action— indi- 
cating similar effective concentrations of digitalis in the body— 
from two Widely different doses of digitalis each taken for a long 
time The available evidence thus indicates that there is no fixed 
maintenance dose of digitalis and that the daily ration of digitalis 
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nccMsnrij io nmniaxxK (he oplimuvi therapeutic effect varies great!}) 
not only ifi different patients bvl also in the savie person at different 
imes In se\ ere heart f ulure i higher dose of digiUlis is generally 
rtHjinred to mniitaiii the optimum effects of the <iriig secured 
the initul digit dization than in mild cardiac insufficiency Iht 
findings of Gold and De Grolf indicated tJiat the degree of heart 
failure deteruimes tlie effccUac concentration of digitalis m the 
bod\ nceesbire to v'toelutt full iKcrapcuUc effects and die a\enge 
iunbuhtory intieut uitb ^mptoms of heart failure requires i much 
hn\cr effective coiiccntritioii of the drug to itt iiii this result than 
tile average bedridden patient with fir idvanccd congestive 
fiilure In many pitients with auricular fibrillation 01 gram 
duly of the powdcrctl Icafsufhcesasainaintenniicedose toinaint iin 
the full thcripeutic ictiou of the drug that this dose actually 
functions is shown bv the fict thit when it is discontinued the 
ventrienilar rate nccelcrites ind brcithiessncss develops On the 
otlicr h md in patients with severe heart failure the full thenpeutie 
benefit of digitalis re'Cluires tJie daih adnmiistntion of 0 •! gram or 
cv en mure of digitalis and one is un ible to av oid recurrent episodes 
of vomiting coupling and other manifest itions of overdosage 
I he mamtcnauce dose of digitalis must be dtlcnnmcd for each 
patient mdiv iduallv and dtered to meet di inguig conditions 
Dosage in Children —McCulloch and ]lu]>e‘® found that between 
two and five times as much digitalis per pound body weight is 
reciuirc’d to {iroduce the effects of Oic drug in normal children In 
children witli heart disease tlicv found that Uie effects of digitalis 
are qualitatively the sune is in adults hut on the basts of body 
w eight an av er igc ot twice as much digitalis is required as m adults 
Intravenous Adnumstratioa of Digitabs —Because of the rela 
tivclv prompt action of large doses of digitalis by mouth (page 717) 
there is rirely occasion for the intravenous administration of digit 
alls The rare circumstances m which it is called for include heart 
failure of such seventy tint even minutes seem precious notibly 
pitients witli acute and massive pulmonary edema in whom inor 
pliine and venesection do not suffice to bring prompt improvement 
and those m whom gastro intta.tiiial disturbances prevent the 
5wiKUttV?.t.r-vtvaw by mouth ex coctim lu inv eKpecieiice the hope 
of attaining success by the intravenous administration of digit 
alls to ]>itients in whom large doses of Uie drug bs nioutli have 
failed to produce improvraoent has always proved illusory The 
intravenous iduumstntioii of stroplianthin is generally preferible 
to that of digitalis • 

Tor intravenous injection propnetary preparations available in 
ampoules ire almost always us^ lor the tjiree preparations 
digalen digifohn solution anddigitanhapodermicsolution Pirdee** 
recommends t!ic «fow injectioiiof I minun per pound body weiglit 
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in mdiMduals ^ho have not previously had digitalis Two hours 
later, if necessary, Pardee advises a dose of 0 25 mmim per pound 
bodj weight, which may be repeated at intervals of two hours, 
this smaller dose may also be us^ m persons who have previously 
had digitalis With this dosage, from which he observed no ill- 
effects, Pardee detected definite slowing of the heart rate within 
five minutes nnJ marked slowing within fifteen minutes The 
WTiter’s experience is confined to an initial dose about one-half that 
recommended by Pardee, with which he has observed no untoward 
reactions 

There w ould seem to be little, if anj , need for the subcutaneous 
or intramuscular injection of digitalis unless one is unable to enter 
a vein, such injections are often painful 

Rectal Admimstration — Tlic rectal administration of digitalis 
ma> j leld excellent results m patients in whom nausea and v omiting 
due to heart failure— presumably through the mtermediacj of pas- 
sive congestion of the gastric mucosa— prevent the administration 
of the drug bj mouth The metliod has been dev eloped by Levy,” 
who jecommends the following technic The patient is first given 
a cleansing enema Then 8 to 20 cc of digitan is given through a 
rectal tube Digitan is an aqueous preparation of digitalis con- 
taining the equivalent of 0 1 gram of powdered leaf per cubic centi- 
meter, it IS not as irritant as the alcoholic tincture of digitalis 
However, he was also able to use the tincture but the latter must 
be diluted to prevent irritation by the alcohol 

Ihe Intravenous Injection of Strophanthm —The intravenous 
injection of strophanthm was introduced by Praenkel ” and is 
widely used on the continent of Europe Praenkel and other 
German clinicians have claimed for strophanthm results m the 
treatment of heart failure unequaled by other digitalis allies. The 
method of treatment has not been commonly us^ in this country, 
perhaps largely because of the popularization by Eggleston of mas- 
sive doses of digitalis by mouth which act rapidly and give much 
the same results as those claimed by European clmicans for the 
intravenous injection of strophanthm Moreover, the dose of 
strophanthm formerly recommended was too large, and resulted in 
a number of sudden deaths, which led to unjustified fear of the 
method of treatment 

Strophanthm should not be injected into patients who have had 
digitalis m the previous ten days The initial dose should not 
exceed 0 5 rag of ouabain (amorphous strophanthm, the preparation 
containing about 1 cat unit to 0 1 mg) Using this dose and fol- 
lowing it at intervals of one-half hour with smaller injections of 
0 1 mg until a full tlierapeutic effect (slowing of the ventricular rate 
to below 80 per minute in patients with auricular fibrillation) was 
obtained, Wyckoff and Goldring” observed no ill effects in 31 
45 
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patients I ha\e used a similar dosage on a number of occasions 
without observing a dangerous reaction It would appear that no 
more than about 1 ing m twentj four hours should be adniinistcred 
In one half their patients \\vck.off and Goldring observed slowing 
of the ventricular rate within five minutes and all who showed aii} 
eifect did so within fifteen minutes Ilicy found tliat the action 
of strophanthin disappc.ircd within five dajs 

In tile few piticnts in wliom intravenous administration of a 
digit ills dl^ la reqiiircil the use of strophanthin is probably the 
method of dunce But the advantages of this drug over digitalis 
b} mouth when the latter can be given remain to be established 
It would ipjit ir probable though the writer has no personal expen 
ence m tins regard that strophanthin might be valuible m cases 
of icute pulmonarv edema due to left ventricular failure in whidi 
digitalis Ins not been previously administered 

SYMPTOMS OP OVERDOSAGE OF DIGITALIS 

Ihe pbjsician must keep constant watch for evidences of over 
dosage of digitalis not only when I irge doses are administcreal but 
also because of the cumulative iction of the drug during the 
protracted aclmimstration of small doses Some individuals are 
remarkably sensitive to digitalis uid develop toxic manifestations 
with rehtivcly small amounts In some patients witli severe heart 
failure the optimum therapeutic cfl'ecU are obtained onI> with a 
ration of digitalis closely approximating tliat which calls forth 
undeMrable side effects so that the litter oiunot be avoided on 
repeated occtisions 

It IS to be emphasized tint despite the claims made by the 
sponsors of vinous propnetarv preparitions the toxic side actions 
of liigitilis cannot be avoided bv the use of special preparations of 
digitalis of the individu il glucosides or of squills stroplnnthus or 
anj of the other digitalis allies The purcliase of exjiensive proprie- 
tary digitalis preparations is a waste of money If the digitalis 
bo<l> m question acts on the heart it will wlien present in suffi 
cientlj high concentration produce toxic manifestations Nor can 
toxic effects be mimmized bj the adimmstrition of partial doses 
of different digitalis allies Hitcher and Brodj‘* showed that the 
digit ills bodies are mutually synergistic ouabain and tliedigitalins 
for example summating their effects 

Gastro mtestmal Symptoms —The most common and usually 
tlie initial undesirable manifestations of the action of digitalis are 
loss of appetlie nausea and wmitms These gastric symptoms usu 
ally appear m the order mentioned and one should warn patients 
taking digitalis to report anoreana which may preaxle v omiting by 
a day or more However sometimes vomiting appears suddenly 
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^\lthout its precursors, this is especially apt to occur following large 
single doses A characteristic of the gastric s> mptoms of o\ er- 
digitalization is that thev do not appear immediately after the 
digitalis IS taken but after a aaijwg interval But if the dose of 
digitalis IS very large the period before the onset of nausea and 
vomiting may be short following the administration of single doses 
of 1 5 to 2 5 grams of digitalis Robinson®* observed nausea or 
vomiting in from one-half to one hour after the medication had been 
taken Following the stoppage of digitalis the vomiting may last 
from a single emesis to several days it maj as Withering pointed 
out pass away and recur on several occasions 

There is no constancj about the dose of digitalis which produces 
gistric sj mptoms and individual susceptibilities presumably play a 
part Of 100 patients to whom Robinson** administered a single 
dose of 1 o to 2 5 grams of digitalis about 10 per cent developed 
gastric sj mptoms Eggleston*' found that the amount of digitalis 
producing vomiting vanes between 1 25 and 8 5 grams there was 
no definite difference m tlie amount of the drug resulting m vomiting 
in healtliy persons those with heartdisease and regular rhjthm and 
those vvi^ auricular fibrillation 

TJiat digitalis produces vomiting after absorption and not by 
direct irritation of the stomach is immediately suggested by the 
latent period before the onset of emesis The same is shown by 
the occurrence of vomiting after intravenous injection Hatcher 
and Eggleston” observed that animals from whom the gastro 
intestinal tract had been removed exhibited evidences of nausea 
and went through the movements of vomiting after the injection of 
digitalis bodies It was therefore thought tJiat digitalis stimulated 
the Vomiting center directly However Hatcher and Weiss** 
found that m cats digitalis no longer causes vomiting after the 
cardiac nerv es hav e been cut The> therefore behev ed that digitalis 
induces vomiting through its action on the heart vihich initiates 
reflex stimulation of the vomiting center Subsequently these 
findings were controverted bj Dresbaeh and Wadded '* who found 
that the seat of emesis in the cat is not the heart In the pigeon 
also Hanzhk and ^^ood” find that while digitalis vomiting is of 
reflex origin the reflex is not initiated m the heart It would seem 
that the mechanism of vomiting due to digitalis requires further 
investigation 

Diarrhea is an occasional toxic manifestation of the action of 
digitalis I recently saw a patient in whom the connection of 
diarrhea with the administration of digitalis was not recognized 
because of the absence of other symptoms of intoxication but the 
diarrhea cleared up when digitalis was discontinued Digitalis 
IS especially apt to produce diarrhea m mdividuals w ith lesions of the 
large bowel e g diverticulitis 
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Cardiac Manifestations —In addition to tlie effects on the heart 
for which digitalis is used in therapeutics, it may produce undesired 
manifestations These may ippear before the full therapeutic 
effects of the drug ire obtained and force its abandonment 

The most common of the undestralile actions of digitalis on the 
heart is the production, of ectopic beats E\tras> stoics due to 
digitalis have a remarkable tendency to occur after each regular 
beat with resultant coupling of the pulse (pulsus bigemmus) The 
coupling of the pulse often enables the recognition of overdosage 
m patients wilh auricular fibrillation, m whom cxtra^stoles can 
otherwise be detected only by graphic methods It is to be borne 
m mind that exceptionally the extras^ stoics are so numerous tliat 
overdosage of digitalis is accompanied by acceleration of the pulse 
despite slowing of tlie pacemaker It is generally considered that 
digitalis produces extrasjstoles principally through increasing tJie 
irritability of the heart muscle, Uiough doubtless the slowing in 
rate often favors their appearance llobinson and Wilson** found 
that when digitalis is administered intravcnouslj to cats premature 
contractions appear when 75 per cent of the letJial dose has been 
administered, in similar experiments Levine and Cunningham** 
observed extrasj stoles after an average of 52 per cent of the lethal 
dose But in man ectopic beats arc often scin with a much smaller 
fraction of a dangerous dose Indeed, one not uncommonly 
encounters axtros^stoles with very small doses of digitohs m indi* 
Mduals who did not previously ^iibit such beats Interestingly 
enough, spontaneous ectopic bints are by no means alwa} s increased 
m frequcnc> by digitalis and arc not a contraindication to the trial 
of the drug, indeed, Otto and Gold*’ and otiicrs have observed that 
digitalis sometimes decreases or removes extrasj stoles Recently, 
in a patient vv ith arteriosclerotic heart disease n ho had left vcntnc> 
ular failure and numerous ventricular cxtrasystoles for a period of 
four montlis digitalization produced coincident improvement of the 
heart failure and disappearance of tlie cxtrasystoles 

Extcssiv e slow mg of the heart maj indicate ov erdosage of digitalis 
^Vhen the v entricular rate falls below GO per minute tlie drug should 
be discontinued The slowing may be due to mlubition of the 
pacemaker or hi^ grade auriculo-vcnlricular block which on rare 
occasions has been observ ed to attain the grade of complete auriculo- 
ventricular dissociation As already mentioned it is generally 
considered that when digitalis in even large therapeutic doses impairs 
aunculo-ventricuiar conduction to the degree of producing dropped 
beats or complete dissociation the drug is acting on a previously 
injured bundle * A rare mechanism by which digitalis slows the 
heart is smo-auncular block 

* That enormous amounts of d gital s can produce complete aunculo-vcntricular 
block in the healthy human heart is shown by the observation by McGu re and 
Richards^ of complete block due to the mgestton of 300 grams of d gitalis for suicidal 
purpose 
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i\Iackenzie,“ Resnik,** and others Iia\e made obsenatjons mdi- 
cating that digitalis may induce auricular fibrillation, in auricu- 
lar flutter this often occurs (page 754) In cases of paroxysmal 
auricular fibrillation it appears that the administration of digitalis 
may prolong the paroxysm (Fulton**) Sinus arrhythmia may 
result from digitalis that this is due to vagal stimulation is shown 
by the disappearance of the arrhythmia under atropine (Cushny**) 
Mackenzie and Windle** ha\e observed the production of pulsus 
alternans by digitalis, tins is remarkable inasmuch as spontaneous 
alternation may be removed by digitalis White®* has described 
auricular standstill as a result of digitalis 
In animal experiments large doses of digitalis may produce 
\entricular fibrillation It is possible that this is the mechanism 
of the sudden deaths tliat have been observed following the intra- 
venous administration of stropbanthin (Robinson*'*) and perhaps 
some of tliose that occur m patients under digitalis treatment In 
patients with heart block who were subject to paroxy sms of transient 
ventricular fibrillation, Schwartz and Jezer** were able to provoke 
such paroxysms by the administration of digitalis 
The changes m the R T interval and T wave and the slight or 
moderate prolongation of the P-R interv al that occurs in the course 
of full digitalization are not to be classed as toxic manifestations 
Other Undesuable Symptoms —Headache is a common sy mptom 
of overdigitalization Blurring of vision is occasionally encoun- 
tered Yellow or green vision is a rare symptom of excessive doses 
of digitalis Hallucination, delirium, and various other mental 
disturbances have been attributed to digitalis intoxication 1 have 
not seen any cases in which the connection seemed clear It is 
possible that some of these psychoses were actually manifestations 
of excessive dehydration, m several cases that I have seen this 
seemed to have resulted from protracted fluid restriction and salt- 
poor diet, to which was added not only the diuretic effect of digitalis 
and salyrgan but also vomiting due to digitalis I have more than 
once seen improvement m such patients following the cessation of 
digitalis and salyrgan and the administration of ample fluids and 
salt 

Eosuiophtlia has been observed to follow the administration of 
digitalis, and attributed to vagal stimulation (Romano and Geiger’®) 

THE INDICATIONS FOR DIGITALIZATION AND THE RESULTS 
OBTAINED 

Brohdly speaking, the indication for the administration of digitalis 
13 heart failure, i e , a condition m which there is reason to believe 
that if the functional accomplishment of the heart is augmented the 
condition of the patient will be improved However, the results 
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obtained from'digitahs in diflcrcnt forms of heart failure arc very 
unequ tl 

Significance of the Rhythm of the Heart —llic must striking 
results are produced by digit Uis in ciscs in which the disturbance 
of the cirdiac mecli'inisin due to lunculir fibrillation is per sc an 
import int element in diminislniig the icconi])lishtnent of the he irt 
Spectacular benefit may also be obtained in auriciil tr flutter In 
these arrhytlimi 13 the protection of the v cntricles from the luncu 
hr bombardment m ly so increase tlie efficiency of tJie heart that a 
patient who sits up gasping for brcith and seems at dcatli s door 
may be sleeping comforhibly within a few hours 

The results m auricular fibrillation arc so remarkable and so far 
surpass those m other conditions tliat some outstanding students 
(c |7 Lewis*') of cardiac disease are inclined to limit the adramis 
tration of digitalis to patients with this arrhythmia and the related 
auricular flutter However such a point of view is unjustified and 
Christian* has rendered great service by combating it Luten ** 
Marv m *• and Gavey and Parkinson*' have pubhsl cd scries of care- 
fully controlled cases comparing the results on be<I rest and fluid 
restriction alone with those obtained by digitalization which show 
conclusively that digitalis may be of value in heart fvilure without 
arrhythmia Gavey and Parkinson found digitalis beneficial m 
3o of 5S patients witli heart failure and regular rliy tlini tiic benefit 
was pronounced in 18 and sliglit m 17 It cannot he too strongly 
emphasized that nany patients iiitk heart failure and regular rhythm 
are greatly leljed by digitalis Not only isdvspnea often helped but 
the objective evidences of heart failure mav clear up Evcellent 
objective evidence of the utility of digitalis m patients with regul ir 
rhj thm is obtained by the measurement of the arm to-tongue cir 
cuiation time (page 5S) In patients with heart failure and regular 
rhythm administration of digit ills is often followed by a quick 
reduction in the prolonged circulation time The benefits obtained 
from digitalis in patients witli regular rhytlim have seemc'd to me 
to be generally greater when the he irt r ite is aecclcr ited as x mam 
festation of tlie failure and in vxbich tlie f vetor of slow mg comes into 
plav Gavey and Parkinson found that digitalis slowed the heart 
rite in almost 1 alf of tlieir pitients with heart failure md normal 
rhythm the slowing averaged 18 beats per minute m those who 
were slowed at all However I have repeateillv observerl great 
amelioration of dyspnei and other evidences of unprovemLnt when 
the he irt rate before the administration of the drug w as about SO per 
minute Marvm his pointed out that m patients with regular 
rliythm digitalis may be bcnefiual although tlicre is no significant 
change m rate 

The use of d gitahs m the arrhythmias is coiisidtred further in 
Chapter \\\V 
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Significance of the Nature of the Disturbance m Circulatory 
Dynamics — Digitalis may be of value m either predominantly left- 
or right-sided heart failure The beuefits m right-sided failure 
with systemic venous engorgement — what is commonly known as 
“congestne” heart failure— are too well known to require further 
discussion It may not be amiss, howe^e^, to recall that in isolated 
failure of the left side of the heart with only pulmonary engorge- 
ment, digitalis may yield splendid results Harrison, Calhoun and 
Turley** have shown that in this type of circulatory failure digitalis 
not only ameliorates the exertional and parovysmal dyspnea but 
also increases the vital capacity Tlie improvement is also mani- 
fested by diminution m the arm-to-tongue circulation time 

In hypodiastolic heart failure due to compression of the heart by 
pericardial effusion or constricting pericardial thickening, digitalis, 
as would be expected, is of no avail The use of digitalis in the 
hypodiastolic heart failure of paroxysmal tachycardia is discussed 
on page 756 

Though the fact is well known, it may be recalled parenthetically 
that digitalis is of no avail in the peripheral circulatory failure of 
shock Indeed, the decrease m circulating blood volume produced 
by digitalis would indicate that the drug may be harmful in shock 
Nevertheless, digitalis continues to be administered, especially on 
surgical services, to patients witli postoperative colhpsc and other 
obviously peripheral types of circulatory failure— a habit, for such 
it usually IS— that is to be deplored 

Significance of the Etiology of the Cardiac Changes —In patients 
with heart failure and regular rhythm, the results obtained by 
digitalization are to some extent correlated with the nature of the 
cardiac lesions Marvin** showed that improvement as a result of 
digitalization is much more common in arteriosclerotic and hy per- 
tensive heart disease than m rheumatic or syphilitic affections, 
which has also been my experience On the other hand, tins differ- 
ence IS not evident m the cases of Gavey and Parkinson Within 
each of these groups, however, the experience of the writer would 
indicate that to some degree the response to digitalis is conditioned 
by the mechanism of the heart failure, i e , to what extent it is due 
to decrease in the functional capacity of the heart muscle and in w hat 
proportion it is a consequence of increase in the work of the heart 
Where the latter factor is of at least considerable significance— as m 
hy^iertensiv e heart disease with little or moderate coronary narrow- 
ing or m rheumatic v alvular lesions m older individuals in whom the 
activity of the rheumatic inflammatory process m the myocardium 
13 not pronounced — digitalis is likely to be of considerable or even 
great help On tlie other hand, florid rheumatic my ocarditis, 
such as 13 the rule w'hen the heart fails m young subjects with 
rheumatic heart disease, digitalis most often is of little or no benefit 
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The same is true of diphtJientic and otlier forms of myocarditis 
Why digitalis is usuillj ol little 'kalue in s^pllllltlc heart disease 
and indeed the entire question of tlit npidlj dottiihill course of 
most cases once failure has set in remains to be elucidated iinphca 
tion of the mouths of tlic coronary arteries is perhaps one important 
factor 

In heart failure witli atmcuht fAnllaiion Gavcj and Pirkinson 
observ ed much better results m the cases of rheumatic etiology than 
m those due to hypertension and irteriosclerosis this It is also been 
ray experience 

In the einphyaema heart digitalis is occasionally beneficial but 
mure often is of no value unless tlicre is auricular fibrillation It is 
to be remembered that tlie bre ithlessncss of these patients is due not 
only to heart failure but usually in greater degree to the pulmonary 
changes and tlie latter arc not affectxxl by digitalis 
In tlyroloxu: heart failure likewise digitalis done rarely helps 
The acceleration m r itc is not at all or but little a ra inifestation of 
heart failure and usually is little affected by digitalization Indeed 
sometimes the thyrotoxic origin of auricular fibrillation is first 
suggested by the failure of digitalis to slow the pulse (page 789} 
The use of digit ilis in tlic heart failure of hypertension was 
formerly regarded as injudicious liccause of tlic fict tint digitalis 
raises the blood pressure m animal experiments But this does not 
occur in human beings (page 710) and it has seemed to the writer 
that excellent results from digitalis m patients with regular rhytlim 
are most often olitamcd when hypertension is the primary factor 
m causing heart fiiilurc 

In the myxedema heart and cardiac failure of ntdummeuta (beriberi 
heart) digitalis ippears to be useless 

The use of digitolis m coronary thromhoais is discussed on page 781 
Influence of Valvular Defects —In pitients with valvular defects 
it has been thought that digitalis is of much more value m mitral 
than m lortic lesions Uie hypothetical explanation was advanced 
that the slowing due to digitalis augments aortic regurgitation as 
a result of the prolongation of diastole However it would appear 
that till, difference in the accomplishment of digitalis is at least 
largely if not entirely due to the fact tliat heart failure m mitral 
disease is much more often due to auricular fibrillation which 
responds so well to digitalis I urthermorc a considerable proper 
tion of the aortic cases are of syphil tic etiology their usually 
intractable nature has already been mentioned I have repeatedly 
seen benefit frona the use of digitalis in. rheumatic aortic regurgitation, 
and stenosis and less often m luetic aortic regurgitation 
Digitalis m Patients With Angina Pectons —Caution has been 
advised m the use of digitalis for heart failure due to coronary 



DIGITALIZATION AND RESULTS OBTAINED 729 

arteriosclerosis with anginal pain Gilbert and Fenn“ and others 
have published cases m which the administration of digitalis was 
followed by the appearance or intensification of cardiac pain 
Contrarnvise, in an investigation on 120 patients with cardiac pam 
due to arteriosclerotic heart disease. Gold, Otto, Kwit and Satch- 
welP® arrived at the conclusion that “in cases of angina pectoris 
without congestion the likelihood is negligible that the use of digi- 
talis will, by a direct action on the circulation, increase or dimmish 
cardiac pain” I have, however, repeatedly encountered patients 
with coronary disease or hypertension, iii whom cardiac pain was 
aggravated or e\ en initiated while taking digitalis, while exceptional, 
they are not rare Gilbert and Feim attributed the pain to coronary 
constriction However, the effect of digitalis on coronary flow is 
apparently complex and not yet entirely clear It is a common obser- 
vation that when patients with coronary arteriosclerosis or aortic 
regurgitation and angina pectoris develop failure of the right side of 
the heart, the cardiac pam lessens or disappears It is therefore 
possible that the development of anginal pain after the administra- 
tion of digitalis IS correlated with the increase m the functional capac- 
ity of the heart (see page -121 for further discussion of the mechan- 
isms involved), and is not due to coronary constriction In any 
event, digitalis is often of great value in the failure of the arterio- 
sclerotic heart and worthy of a trial in at least the large majority of 
instances, for it is only the exceptional patient who dev elops pam 
Digitalis as a Prophylactic of Heart Failure —Recently , Christian 
has advocated that digitalis be used not only m actual heart failure, 
but also in individuals without heart failure but having such con- 
ditions as valvular defects, hypertension, etc , which strain the heart, 
entail cardiac hypertrophy, and sooner or later lead to cardiac 
insufficiency There is good evidence (Chapter Will) that hvper- 
trophy ev olves from antecedent dilatation, and if the administration 
of digitalis, by increasing the functional capacity of the heart 
muscle, would lessen dilatation it is to be presumed that hyper- 
trophy would be less massive Christian cites experiments by 
Cloetta in which he observed that animals receiving digitalis had 
lighter hearts than controls, and that animals with experimental 
aortic regurgitation which were given digitalis had smaller and 
more efficient hearts than those which did not receive the drug 
Christian’s conception that the administration of digitalis m con- 
ditions of cardiac strain may serve to defer the onset of heart 
failure would seem worthy of further study But pending the 
acquisition of facts to support the theory it does not appear war- 
ranted to administer digitalis for long vears to individuals with 
cardiac lesions but no ev idences of heart failure 
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THETREAiaiEIsrOI HEART FAILURE III DIURETICS 
r/UUCENTESIS OX\GEN PHLEBOTOMY 
AND THYROIDECTOMY 

DIURETICS 

Utility of Mercurial Diuretics in Heart Failure —Since the intro- 
duction of the powerful mercurials diuretics live come to play a 
much more important role in the treatment of heart failure than 
previously Not only do tliej supplement digitalis but instances 
are not rare in which mercurials are decidedly more efficacious 
than digitalis Especially is it to be emphasized that the sphere 
of usefulness of the mercurial diuretics is by no means limited to 
patients with palpable edema tlicy often yield splendid results in 
individuals m whom ph>sical signs of dropsv arc lacking but water 
retention is demonstrated by the large loss of weight that follows 
the administration of a diuretic 

Following successful mercurial diuresis m lieart failure the 
patient often feels greatly relieved Continuous dyspnea is ameho 
rated and attacks of cardiac asthma ma> be render^ less frequent 
and severe or abolished The abdominal discomfort clue to engorgo* 
ment of the liver and perhaps of the portal tributaries is often 
notably improved Objectivdj not only is subcutaneous edema 
lessen!^ and effusions into tlie serous cavities diminished in volume 
but the swollen neck veins and liver shrinl and tlie rales of pul 
monarj engorgement disappear Fnediiivn Resnik Calhoun and 
Harrison* have found that successful diuresis due to saljTgan or 
theophyllm often results m increase in vital capacity In their 
observations diuresis was associited with increase in cardiac output 
m3 patients decrease m 1 and no change in 8 They believe that 
this variable effect on cardiac output is due to the simultaneous 
operation of two mechanisms (1) Decrease in peripheral edema 
which dimimslics the volume of blood flow needed bj the tissues 
as a result of more efficient metabolic exchanges between the blood 
and tissues when tJie latter are not water logged and (2) decrease 
m edema of the heart itself whith augments its functional capacity 
and consequently the cardiac output 

Indications for the Mercurial Diuretics m Heart Failure —The 
chief use of tlie mercurial diuretics in heart failure is to augment 
the improvement obtained by rest fluid and salt restriction and 
the administration of digitalis In cases with auricular fibnllation 
m which digitalis alone rapidly restores compensation and com 
( 732 ) 
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pletely alleviates water retention, the mercurials are not required 
But there are also many instances of auricular fibrillation m which 
the improvement obtained by digitalis is not complete, and then 
the mercurials may be very helpful However, the mercurials find 
their chief usefulness in cases with regular rhythm, in which the 
limitations of digitalis are far greater than m fibrillation of the 
auricles Excellent diuresis may be obtained in both arterio- 
sclerotic and rheumatic heart disease, although there is difference 
of opinion as to which group yields the better results Marvin” 
found that diuretics are much more often of help m arteriosclerotic 
and hypertensive heart disease, while Goldnng*' found that SO per 
cent of his patients with rheumatic heart disease reacted to mer- 
curials, as contrasted with only 37 per cent of his arteriosclerotic 
subjects Other conditions being the same I have not noticed any 
difference in the reactiv ity to mercuruils of the different etiological 
forms of heart failure Abundant diuresis is sometimes produced 
by mercurials m the presence of active rheumatic carditis a condi- 
tion in which digitalis is only too often ineffective The most 
profuse diuresis generally results from mercurials when right heart 
failure has produced swelling of the veins, peripheral edema, and a 
large liver But splendid results are often also obtained lo isolated 
failure of the left side of the heart with solely pulmonary engorge- 
ment In left sided failure both paroxysmal and continuous dysp- 
nea may be greatly ameliorated, often a weekly injection of a 
mercurial prevents previously frequent attacks of cardiac asthma 
The effect on dyspnea m these cases of left-sided failure is probably 
largely a result of diminution in pulmonary edema even though 
the latter is clinically occult In some cases of constrictive peri- 
carditis, mercurial diuretics greatly dimmish edema ascites, and 
swelling of the liver, although in others they fail abjectly of course, 
the improvement is purely temporary In deeply cyanotic patients 
with right heart failure secondary to pulmonary disease I have 
seen little utility from mercurials In the first days of coronary 
thrombosis when slioek dominates the clinical picture mercurials 
do not seem indicated, m fact I twice saw collapse following the 
injection But in the subsequent course of myocardial infarction 
with heart failure the mercunals may be very helpful 
The most frequent contraindication to the use of tlie mercurials 
IS impairment of renal function Especially m elderly patients with 
hypertension and arteriosclerosis one should make sure of the state 
of the kidney s before injecting mercurials If the urine is dark in 
color and the specific gravity exceeds 10^, either spontaneously 
or m the concentration test, renal function is not seriously impaired 
and there need be no fear of administering a mercurial \Vhen the 
specific gravity of the urine exceeds 1 020, one need not determine 
the non protein nitrogen of the blood before injecting a mercurial. 
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for any incre<ise wliicli may be present is not due primarily to impair- 
ment of reinl function (except in icutc glomerular nephritis) If 
the maxmiuin specific gruity of the urine in the concentration test 
IS only about 1 015 mercunils should be given cautiously and at 
interv als of at least a w cek \Vlien the specific grav ity is fixed about 
1 010 even though the non protein nitrogen of the blood is not 
elevatcfl mercurials should not be injected for there is considerable 
danger of retention and toxic manifestations Nor should mercurials 
be giv en m the presence of activ e glomerulo-neiihn tis u ith red blood 
cells 111 the urine they inert ise the hematuria and doubtless damage 
thekidnejs On the otlier hand even massive albuminuria is not 
a contraindication to the mercuri ds, as long as renal function is 
not scnouslj impairol they maj be giv cn vv ithout fear u hen chronic 
passiv e congestion of thekidncvshas resulted in copious albuminuria 
Slcrcunah should not be administered to patients who are almost 
moribund, I have seen them add the coup dc grace by producing 
anuna 

If care is taken not to administer the mercurials to individuals 
witli impaired renal function undesu-able side effects are rare They 
include colitis stomatitis fever increase in albuminuria hematuria 
oliguria and collapse In TO necropsies on individuals who had 
received mercurials for long periods Tarr and Jacobson*’ detected 
evidences of mercurial damage to the kidneys m onl} 1 But 
instances of tubular necrosis due to mercurial diuretics have been 
reported by others Local tissue damage and exccssiv c dehj dration 
will be mentioned below 

A dmini strafaan of Mercunal Diuretics m Heart Failure —The 
mercurial diuretics most w idelj usal in this countrj are mereupunn 
and inersalj) (saljrgan) In mereupunn the organic mercurial is 
combmetl w itli about hv e per cent of theophj llin The combination 
of theophjllm witJi the mercunil appears to augment the diuretic 
potenev (cf Hijman“) and De GrafT* and his collaborators have 
found the iddition of theopbjllm accelerates reabsorption from tlie 
tissues and lessens local injury Mereupunn would therefore appear 
to be the more advantageous diuretic 

Ev en when ren il function is good one should administer mercurials 
witli circumspection A test dose of 0 5 cc of either mereupunn or 
mersal^l (saljrgan) should first be giaen intravenously or mtramus- 
cularlj If there are no ill effects tins may be followed bj 2 cc m 
one or two dajs Larger doses such as 4 cc have been used and 
have produced diuresis where smaller amounts were ineffective but 
for fear of untoward reactions the wnter has no experience with 
tliem In many patients the mercurials are effectiv e and produce no 
pain (especiallj mereupunn) when injected deep into the buttocks 
But if thej cause immediate pain or subsequent indurations or are 
not effective mtramuscularly, th^ should be given intravenously 
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Great care is to be taken to avoid paravenous injection, which pro- 
duces severe sloughs Intravenous injection is sometimes success- 
ful after the intramuscular route has produced little diuresis Intra- 
pentoneal injection has been recommended in patients with ascites 
as producing diuresis of longer duration, but the writer has seen 
severe peritoneal reaction from this procedure The injections may 
be repeated at interv als of from four daj s to a w eek or longer While 
more frequent injections have been used, tins would seem to be 
tempting untoward reactions for doubtful advantage The diuresis 
usually starts within three hours and is most often complete within 
the daj, although it ma> be protracted for fortj-eight hours 
Because the diuresis is generally at its height within a few hours, 
it 13 well to give the injection in the morning so that the patient s 
sleep is not disturbed by the necessitj to void 

Recently, rectal suppositories of organic mercurials have been 
introduced They often produce diuresis equal to that obtained by 
injection, and I have found them \er> useful Their use is some- 
times prevented bv rectal irritation De Graff Cowett and Batter- 
raan‘* have found that severe rectal irntation is much more Iikelj 
to occur with Salj rgan than with Mercunn suppositories for which 
reason the Mercunn variety should be used 

Keith, Barrier and Wlielan** pointed out that the effect of the 
mercurial diuretics mav be greatly enhanced b> the preliminary 
administration of salts which produce acidosis In some patients 
in whom a mercurial alone is ineffective, it produces abundant 
diuresis after salts entailing acidosis have been given Of these, 
the most widely used have been ammonium cliJoride ammonium 
nitrate, and calcium chloride In the exjienence of the writer, 
ammonium chloride has been the most effective Six to 9 grams 
dailj may be given for two da>s before and on the da> of the 
injection Smaller doses are less effectual for the abilitj of the 
salt to favor diuresis apparently depends at least preponderantly 
on the acidosis produced Ammonium chloride should be given 
after meals, either m enteric coated capsules or in orange juice or 
other fluid Unfortunately, ammonium chloride frequently causes 
anorexia, nausea and vomiting, and Jess often diarrhea, nhich not 
rarely force its.discontinuance lor this reason, it does not seem 
wise to give ammonium chloride if mercupunn alone produces 
abundant diuresis 

Another factor which may influence the diuresis produced b> the 
mercurials is the chloride content of the blood In 2 patients, 
Goldring** observed that while the chlonde level in the plasma was 
low salvrgan produced no diuresis, but did so after the administra- 
tion of 5 grams of sodium chlonde daily for three day s 

Some patients are kept free of edema and symptomatically 
improved for long periods of tune, even years, by injections of 
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mercurial diuretics Indeed especially m hj-pertensu e and arterio- 
sclerotic heart failure the use of tlie mercurials maj mean the 
difference between being bed ridden and up and about for at least 
part of the time Scherf“ mentions a patient who had GOO mjec 
tions o\cr a period of twche years But more often the efficiency 
of the diuretic becomes less and less as time goes on and tlie condi 
tion of the patient becomes worse Goldring®' found that the 
response to diuretics is of prognostic signfficince of 25 patients 
wl 0 responded to diuretics 15 were able to leive the hospital in 
an improved state while of 21 in whom diuretics were unsuccessful 
only 0 left the hospital alive and all were m a precarious condition 
Dehydration and Salt Privation Due to Mercurial Diuretics — 
The very success of mercurial diuresis may lead to untoward effects 
(cf Poll ind Stem”) I ollowmf> an abundant diuresis the patient 
often feels weak for a dav or two Fins is doubtless due to the rapid 
removal of large quantities of w iter and sodium chloride from the 
body for it occurs only when the unnary volume is large More 
important is a state which develops usually m older patients with 
arteriosclerotic heart disease after repeated and successful use of 
mercurials with protracted salt and water restriction and usually 
digitalis— the latter measures have often been carried out for years 
As a result of ollthcse procedures notoniy is the edema remov^ but 
the p iticnt becomes ddndnted with adry and inelastic skin ^Vln]e 
the cv idenccs of heart failure arc greatlv improved as a result of the 
treatment actually the patient is worse \ state of weakness 
apathy and anorexia sets m and not rarely this is followed by 
mental disturbances mcludmg delirium and hallucinations The 
mental syndrome may progress to coma Most of the so called 
cardiac psychoses that I have seen in tlie past few years have been 
of this nature accompanying dehydration following the protracted 
use of the mercurials Presumably the picture is due to the 
removal of excessive amounts of water and sodium chloride from 
the body Most often there is hypochloremia but sometimes the 
chloride content of tlie plasma is normal or even a little high despite 
obv lous sev ere dehy dr vtion of tlvc tissues as revealed by the skin and 
tongue 1 Lave made no observations on the sodium content of 
the plasma There is oftea azotemia pcesumahly due to decreased 
blood flow tliroughthe kidneys Ihe tlieripy consists in the admin 
istration of abundant fluids and sodium chloride With this treat 
ment most but not all of the patients improve It may take several 
weeks until the mental state returns to normal 
Diuretics Other Than the Mercunals — T1 e mercurials are so 
often effective that other diuretics are being used less and less 
This is e«pecially true of the formeriv popular xanthm derivatives 
Theobromine (0 5 gram three tunes dailv) and theobromine sodio- 
sahcylate (diuretm 1 gram three tunes daily) sometimes produce 
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diuresis in cardiac edema but often fail Theoph5llm (theocin, 
0 3 gram, three times dail>) is a more powerful diuretic and more 
often successful m cardiac failure All of these xanthin denvatnes, 
especnllj theophjllm are apt to produce gastric disturbances when 
given m adequate doses, and should be administered for only three 
daj s at a time 

In recent jears, urea has been used considerably as a diuretic in 
heart failure, especiallj when edema persists over long periods 
despite digitalization To be effective, urea must be given in doses 
of 50 to 100 grams dailj In this dosage, urea sooner or later causes 
gastric disturbances in many patients, which force its discontinu- 
ance Individuals with heart failure are less likelj to tolerate urea 
for long periods than those with nephrotic edema, perhaps because 
of chronic passive congestion of the gastric mucosa Urea may 
also cause diarrhea Another deficiencj of urea is that the increase 
m urinarj volume is usuallj accompanied by little augmentation 
m salt output This perhaps accounts for the frequent observation 
that patients taking urea do not lose as much edema and weight 
as might be anticipated from the increase in unnarj volume, they 
often become veiy thirst> and lose less water b\ extrarenal paths 

Ammonium chloride, calcium chloride, and other salts producing 
acidosis have been of little avail in my experience m the treatment 
of cardiac edema otlier than as adjuvants to mercurials (page 735) 
As independent diuretics the dose is about 9 to 12 grams dail> , an 
amount that ma> produce gastric disturbances and often results m 
but little diuresis I have discontinued the use of these salts as 
independent diuretics 

Calomel incorporated with digitalis and squill m the famous 
Guj s Hospital or Addison s pill for cardiac dropsj , is hardly needed 
now that the far more efficient organic mercurials are available 

MECHANICAL REMOVAL OF EFFUSIONS 

Patients with heart failure are often greatly aided bj mechanical 
remov al of effusions Pleural transudates come into question most 
often Even moderate pfeuraf effusions augment djspnea in the 
presence of heart failure, and they should be tapped when of much 
smaller volume than would be considered an indication in, for 
example, tuberculous pleun^ Because of tjie instances exces- 
snelj rare though they are, in whidi acute pulmonary edema follows 
the tapping of a pleural effusion, not more than 1500 cc should be 
removed at a sitting Especially m cardiap patients, one should 
discontinue the paracentesis if there is augmentation of dyspnea, 
cough, or expectoration The removal of as little as 500 cc from 
the pleura, especiallj from the Ipft side/ jnaj result m notable 
amelioration of dj spjiea, and I have ob^erv ed definite fall m venous 
46 
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pressure following tapping of this volume One manifestation of 
the favorable effect of removal of a pleural transudate is sometimes 
the subsequently more effective action of digitalis and diuretics 
If massive ascites accumulates and does not respond to digitalis 
and diuretics, it should be tapped Since the introduction of the 
mercurial diuretics, drainage of subcutaneous edema by means of 
Southev’s tubes or multiple incisions is verj rarclv call^ for On 
these rare occasions, however, large amounts of fluid maj be drained, 
with temponry amelioration of the condition of the patient, who, 
not having responded to diuretics, is usuall> close to the end of his 
sufferings The danger of infection during the drainage of subcu- 
tincous edema is much less m cardiac than m neprotic dropsj 
Pericardial effusion large enough to warrant tapping is almost 
always an exudate, most often of tuberculous or rheumatic origin 
On rare occasions, purulent pcncardial effusion produces sjmptoms 
of circulator} failure so urgent that paracentesis must be performed 
prior to the surgical drainage of the cavitv Purulent pericardial 
effusion may accumulate with remarkable rapiditj so that tlie 
circulatory failure attains ominous seventv within a few hours 
Ilemopencardium ma> also produce an emergency A man with 
Gaucher 3 disease became violenll} djspneic during ward rounds 
and seemed to be expiring examination revealed signs of pericardial 
effusion and the removal of 1500 cc of blood b> paracentesis was 
life saving In contrast to these emergencies, it is to be empha- 
sized that the large majority of rheumatic pericardial effusions and 
manj of those of tuberculous ctiologj nc^ not be tapped They 
do not produce sjmptoms of cardiac compression evidently because 
they form so slowlv that the pericardial sac has time to stretch 
and in the course of time most of them resorb spontaneous!} The 
more frequent taking of roentgen pictures has shown that peri- 
cardial effusion which produces no symptom or defimtel} diagnostic 
plij sical sign 13 much more common m rheumatic carditis than w as 
formerly realized, and most often resorbs spontaneous!} Para- 
centesis should be performed only in the exceptional cases m which 
there is deflmte evidence that the effusion is hampering the circu- 
lation The most frequent such evidence is the intensification of 
djspnea and especiall} the development of orthopnea m a patient 
with phjsical Signs or roentgen evidence of pericardial effusion 
Deepening of cyanosis may also testify to the circulatorv embarrass- 
ment caused by the effusion Sometimes the first evidence that 
a pericardial effusion is hampenng the filling of the heart is swelling 
of the cervical veins and nse in venous pressure It should be 
remembered that palpability of the lobe of the liver is not neces- 
sarily a sign of circulatory failure in an individual with a pericardial 
effusion. It may be due to the downward displacement of the liver 
by the accumulation of the fluid lo the lower part of the pericardial 
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sac and to compression of the hepatic v^ms by the pericardial 
exudate (page 602) Fall in arterial pressure is an indication for 
paracentesis of the pericardium 

Various routes have been advocated for paracentesis of the 
pericardium In the one most frequently used, the puncture is 
made 1 or 2 cm mesial to the Io\ier portion of the left border of 
cardiac dulness and lateral to and below the apex impulse, when 
the latter can be felt Here, the subjacent portion of the heart is 
the thick-^\ ailed left \ entride and if the needle perforates it a little, 
uhich may be una\oidable, little harm is done apart from the very 
rare e\ entuality of tearing a large coronary branch In other cases 
the fluid IS most readily reached b> tapping posteriorly, under the 
angle of the left scapula Tins is especially apt to be true when 
the presence of a large area of flatness posteriorly (Ewart’s sign) 
indicates that the distended pericardial sac bulges far postenorlj 
According to Connor,** the sac then extends between the spine 
and the left lung, displacing the latter toward the axilla Connor, 
to whose excellent article the reader is referred, believes that when 
feasible the posterior tap is simplest and safest and this coincides 
with tlie writer’s experience In both the methods just described, 
the needle passes through the pleural cav ity For this reason, they 
are best avoided in tapping effusions believed to be purulent, as 
m pneumoma and p} ogenic sepsis In such cases, Connor recom- 
mends that the tap be attempted b} Larre} ’s method, which avoids 
the pleura In this method, the ne^le is inserted as high as possible 
m the notch between the ensiform and the left costal margin and 
directed slightly upward, sharplj backward, and to the left 

OXYGEN 

The inhalation of high concentrations of oxjgen is a measure 
that has been increasingl> applied of late jears m the treatment of 
heart failure Beddard and Pembrej * long ago showed that when 
patients with heart failure breathe an atmosphere rich in oxjgen 
the minute volume of ventilation diminishes and dyspnea is amelio- 
rated The effects of oxygen therapy in cardiac insufficiency hav e 
been studied in detail by Barach and Woodwell* and Barach and 
Richards * They found that in cardiac patients with dimimshed 
oxj gen saturation of the arterial blood, the respiration of an atmos- 
phere enriched in oxjgen elevates the oxjgen saturation of the 
arterial blood to normal And if the carbon dioxide content of the 
arterial blood was prev lously d^ressed as a result of hyperv entila- 
tion (page 132), this also rises Barach and his associates further 
found that m some patients with heart failure oxygen therapy 
results, m addition to the relief of dyspnea and cjanosis, in slowing 
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of the pulse diuresis diminution m edema and fail m the elevated 
lactic acid content of the blood 

The primarv indication for oi^gen in lieart failure occurs in the 
cases m which tliere is de6cicnt oxjgen saturation of the aricnal 
blood As seen m Chapter arteri il anoxemia is present m 
onlj some patients with heart failure namelv those in whom 
the clnngcs m the lungs due to chronic passive congestion or such 
complications as puhnonan edema infarction or bronchopneumonia 
liave hampered the gas exchange between the blood and the alveoli 
In such cases the administration of oxjgen gcncrailj relieves 
cvanosis and often although not alwajs ameliorates djspnea 
In addition the elimination of the arterial anoxemia doubtless 
has further favorable effects on organs which have suffered from 
dcffcicnt ox'jgen deliverj Ihe effect on the heart itself may well 
he important in some coses for anoxemia is deleterious to the 
function of the mvocanlium In experiments on the dog Resnik” 
showed that artend anoxemia produces after an initial stage of 
enhanced conductivitv depression of aunculo-ventncular conduc- 
tion He also found that ventricular ffbnllation is prone to develop 
during anoxemia In humans Barach and Uoodwell observed tint 
bundle branch block niav dimmish in degree following the inhala- 
tion of oxjgcn and Baker' pubtislied an instance of transient 
bundle-branch block which cleared up during the administration of 
oxjgen 

Wnlc arterial anoxemia remains the prime indication for oxjgen 
therapy in circulatorj failure tlie recent introduction of an easj 
technic for idministermg close to 100 per cent oxj gen {cf Boothbj 
htajo and Lovelace'*) has broadened the sphere of usefulness of this 
me^od of therapv Bj the administration of 100 per cent oxj gen 
It IS possible to increase tlie amount of oxjgen m the arterial blood 
from tlie normal of about 19 5 cc to ibout 22 2 cc per 100 cc blood 
(Boothbj el al) Tins increase in the oxjgen content of the blood 
results in deliverv of oxvgen to the ti^ues under corrcspondinglj 
increased pressure Bootlibv and his associates and Barach* point 
out that tills increase in the pressure under w hich oxjgen is deliv ered 
to the tissues tends to aUexiste the anoxia which Tesidts despite 
normal oxygen saturation of the arterial blood from tlie deficient 
blood flow of peripheral circulatorj failure One hundred per cent 
oxjgen has thus proved of considerable value in various forms of 
shod? It has also proved of great help m pulmonary embolism 
and m coronarj thrombosis and sometimes relieves anginal pain 
Barach found that inhalation of 100 per cent oxj gen produces im 
tative changes m the lungs of experimental animals after tw o to four 
dajs tor this reason Baradi advises that 100 per cent oxygen 
should not be administered for more than two dajs continuoudv 
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or else for tviclve hours of each day with inhalation of 50 to 60 per 
cent oxjgen m the inter\als 

The principal utilitj of oxjgen treatment in heart failure is in 
four groups of patients 

1 Those with arteriosclerotic, rheumatic, or sjphilitic heart 
disease in whom insufficiencj of the left side of the heart has resulted 
m pulmonary changes sufficient to produce marked cyanosis 
Oxygen is especially apt to be \aluable where there are such com- 
plications as pulmonary edema, infarction, or bronchopneumonia, 
or where heart disease e\en without failure is complicated b\ lobar 
pneumonia In acute pulmonary edema, the administration of 
oxygen may be life-saving 

2 In emphysema or other primary pulmoiiarv disease with 
secondary heart failure Such patients are generalh deeply cy an- 
otic, and an oxy gen rich atmosphere is often of great help 

3 In coronary thrombosis (page 778) 

4 In shock (page 805) 

In all these varieties of cases the value of oxygen differs greatly 
in individual patients (Hamburger ei of**) Sometimes it clears 
up the cyanosis without notable effect on the dyspnea or other 
symptoms Very often, while both cyanosis and dvspnea are 
helped, the heart failure progresses But there are also cases m 
which all the manifestations of heart failure are deHnitely helped 
by oxygen therapy Some such patients, notably those with pul- 
monary disease and secondary heart failure, must be given oxygen 
for weeks at a time, thev become intensely cyanotic and dyspneic 
and the pulse becomes veiy rapid when the oxygen is discontinued 

Recently, Barach and Martin* have found that the inhalation of 
oxygen or air under poeitire preseure of 5 to 8 mm Hg may clear up 
pulmonaiy edema due to heart failure Apparentlv , the induction 
of positive pressure within the chest lessens transudation both as a 
result of directly opposing intracapillary blood pressure and as a con- 
sequence of the diminution in pulmonaiy engorgement due to the 
impediment to the filling of the nght heart Detailed clinical obser- 
vations with this ingenious measure are to be awaited 

PHLEBOTOMY 

Removal of blood from a vein often affords relief to patients 
with intense passive congestion due to heart failure Successful 
venesection may be promptly followed by relief of dyspnea and 
orthopnea, diminution in cyanosis, fall in venous pressure and 
decrease in the size of the hver ^Vhile the needle was still in the 
vein, I have repeatedly seen the venous pressure fall 10 or more 
centimeters Brams and Golden** found that the drop is most 
marked when venous hypertension is present, while a partial return 
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toward the previous level occurred within a few minutes, the \ cnous 
pressure was still between 12 and 78 per cent below this level one 
hour after tlie phlebotomy It is to be emphasized that venesec- 
tion IS of \ alue not only when there is systemic \ enous engorgement, 
the drawing of blood may yield splendid results m isolated left 
heart failure with pulmonary but no sjstemic venous engorgement 
Altliough the blood is then removed from an antccubital v cm which 
IS not engorged, the effect vs to lessen the pulmonary engorgement, 
tins may be demonstrated radiographically by cle inng of previously 
clouded lung fields 

Venesection is probably most often beneficial in left ventricular 
failure with intense pulmonary engorgement, especially when this 
IS secondary to hypertension and coronary sclerosis in individuals of 
plethoric habitus with a high circulating blood volume In such 
patients dyspnea and orthopnea may be relieved vnd cyanosis les- 
sened while the needle is still m the vein during the course of a 
venesection of from 400 to 1000 cc In acute left ventricular failure 
with pulmonary edema, venesection sometimes seems life-savmg 
The same is true m some paroxysms of cardiac asthma in which 
morphme does not suffice In primarily nglit-sidcd failure due to 
emphy sema or otlier chronic pulmunaiy disease v enesection reduces 
the venous engorgement but m my experience the relief of subjec- 
tive symptoms has not been ts evident as in pulmomirv engorge- 
ment Ihe experiments of Fmeberg and Wiggers'* ludiCiite tint 
vensectiou may actually be harmful tn prunarv right-sided failure 
for through lowering the initial filling of the right v entncle it tends 
to handicap this chamber in overcoming increased resist ince in 
the pulmonary circuit It would thus appear that \eiic<>cctiun is 
contraindicated when acute right ventricular fiilurc results from 
pulmonary embolism 

The amount of blood removed varies between <100 and 1200 cc , 
depending on the response and the condition ot the patient I roni 
plethoric hypertensive patients of sthenic habitus large amounts 
are taken, smaller from astliemc individuals Xtcdless to sav 
venesection should rarely be performed when anemia is present 

The mode of action of venesection in heart failure is not alto 
gether clear T he immediate relief ot dy sputa and other sv mptoms 
when it occurs, is plausibly explained by the diminution in the 
blood content of engorged portions of the circulation notably tlie 
lungs However, it is questionable whetiier the more lasting 
improvement sometimes obtained is to be explained entirely on the 
basis of decrease m circulating blood volume In the healtliy 
ammal, it is know n that following the removal of blood tlie circulat- 
ing blood volume is restored within a matter of minutes by mobiliza- 
tion of blood from the reservoirs and inflow of fluid from the tissue 
spaces, and it is to be presumed, altliough not y et demonstrated 
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that similar restoration of blood volume occurs rapidlj m heart 
failure Experimental evidence sho\is that decrease in blood vol- 
ume entails diminution in the size of the heart, and it is possible 
that reduction in dilatation following venesection maj improve the 
efficiencj of the heart for a period outlasting the decrease in blood 
volume Resnik, Friedman and Harrison” found that following 
venesection in heart failure, presumably aS a result of lessened 
pulmonary engorgement with resultant decrease in the work of 
the muscles of respiration the oi^gen consumption and the cardiac 
output are usuallj diminished The consequent decrease in the 
work of the heart may also be advantageous That the diminu- 
tion m the viscositj of the blood which results from dilution with 
tissue fluid is significant m lessening the work of the heart does not 
seem likely 

THYROIDECTOMY 

Babonale —An innovation of the past few jears in the treatment 
of heart failure and angina pectoris is the introduction of total 
ablation of the thjToid gland b> Blumgart Levine and Berlin * 
The procedure has a sound phvstological basis Sjmptoms of 
heart failure appear when the work of the heart approaches the 
functional capacit> of the organ One of the prime determinants 
of the work of the heart is the volume of blood it pumps per minute 
The cardiac output in turn ispnmanlv conditioned bv the oxv gen 
consumption which, in its turn is largely governed bv the activity 
of tlie thvroid gland Removal of the thyroid gland lowers the 
oxvgen consumption of the body, and conseguentlv the output and 
work of the heart In fact, the cardiac output and work following 
thjToidectomj may be decreased proportionalK even more than is 
the oxvgen consumption (page 501) The basic conception of 
thyroidectomy for heart failure is to reduce the work of the heart 
to a level sufficiently below its functional capacity to eliminate the 
symptoms of cardiac insufficiency The rationale in angina pectoris 
13 similar The requisite volume of coronary flow is largely a 
function of the work of the heart By thyroidectomy it is hoped 
to low er the indispensable v olume ol coronary flow to so much less 
than the narrowed coronary arteries can transmit that the relative 
ischemia which produces angina j>ectori3 will disappear 

This theory that thyroidectomy alleviates heart failure or angina 
pectoris through the intermediacy of decrease in cardiac work is the 
one which— in addition to an observation by Levine** that subtotal 
resection of a normal thyroid gland in a patient with supposed 
masked hyperthvroidism relieved the heart failure present — led to 
the introduction of the operation There is every reason to believe 
that the theorv is fundamentally correct How ev er, other factors 
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maj alirf) enter Two ^^hlch have been studied are decreased sensi- 
tivity to epincphnn and interruption of nerve pathways 

It was observed bj the originators of the procedure that some 
patients with angina pectoris obtain relief immediately after the 
operation and that tlie precordial discomfort of individuals with 
heart failure ma> also clear up at this time Sucli immediate relief 
occurs before the fall m metabolic rate, which does not become sig- 
nificant before at least several dajs, and therefore cannot be due to 
decrease m cirdiac work Levine, Cutler and Eppmger** attributed 
this immediate relief to decreased sensitivity of tlie thj roidectomized 
organism to epincphnn, tliat epincphnn can produce anginal pam 
had previQuslj been shown li^ Levine (page 417) However, Hise- 
man Gilligan and Blumgart,^ using an intrav enous drip of epmeph- 
nii, found no evidence of dccrcas^l sensitiveness m patients who 
had undergone th} roidectotny as long as Uie basal metabolic rate 
remained above —30 per cent, although it was present in some 
mdividuils with still lower metabolic rates It would thus appear 
that the earl^ relief of cardiac pam is not due to decreased sensi- 
tivity to cpinephnu, although this fictor may enter m individuals 
with very low metaMic rates 

In all probability, as demonstrated by Wemstem’* and lus asso 
ciatcs, the early relief of pain is due to interruption of afferent 
nerve paths during the operation Ihey found that when a hemi- 
thyroidectoniv was performed, pam was relieved only on the oper- 
ated aide After a few weeks the pain returned on the operated side, 
to disappear on both sides when the metabolic rate was lowered bv 
completing the thyroidectomy The early relief of pain due to 
interruption of nerve pathways is tlius transitory, a fact alreadv 
known from experience with cervical sympathectomy m angina 
pectoris 

It has been objected to iliyroidectomy that tlie operation will 
lead to the tvpe of cardiac damage known as myxedema heart 
(page 690) and that, presumably through the mtcrmi^iacy of hj pet- 
cholestennemia, the development and progress of arteriosclero&is 
will be favored The actual validity of these objections remains 
to be established by experience Since the operation is indicated 
only m those witli a short expectation of life, if these deleterious 
consequences come on only after several years, they may well be 
taken m the bargain 

Indications and Contraindicatioiis — Blumgart and Ins associates 
introduced total ablation of the tliyroid gland because thev fouud 
that partial thyroidectomy does not permanently depress the basal 
metabolic rate below normal Such reltef of heart failure as « 
attained is purchased at the expense of myxedema It is true that 
the svmptoms of myxedema canbela^dy controlled by the admin- 
istration of thyroid extract, but nevertheless tJie induction of per- 
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manent hj'pothyroidism is so senous a matter as to circumscribe 
the indications for the operation to a small field These indications 
are as follows 

1 Thj roidectomy is to be considered only m patients with heart 
failure or angina pectoris m whom life has become intolerable despite 
the application of other methods of treatment o\ er so long a period 
as to demonstrate bej ond cavil that the 3 cannot help 

2 Despite the severe and otherwise hopeless nature of the 
disease, the phjsical condition of tJie patient must be good enough 
to indicate that there is little operative risk 

3 Patients in whom there seems to be strong likelihood that 
progressive mjocardial lesions are present should not he operated 
upon This applies particularly to active rheumatic carditis and 
recent coronary thrombosis, as well as to arteriosclerotic heart 
disease with changing electrocardiograms indicating progressive 
ni 3 omalacia even though there lias been no major episode of coro- 
nary thrombosis In such cases the likelihood that exacerbation of 
the m>ocardial lesions will neutralize any good effects of the opera- 
tion is too great to justify the operation Likewise m syphilitic 
heart disease the chances of narrowing of tJie coronary mouths or 
other advances of the sjphihtic process are too great to warrant 
the operation in at least the vast majority of cases 

4 Probablj only those cases should be considered for operation 
m which bed rest, fluid and salt restriction, and the use of diuretics 
produce considerable improvement although this is not sufficient 
or lasting for the patient to be up and about for any considerable 
time Tor the occurrence of improvement as a result of measures 
which dimmish the work of the heart lends encouragement to the 
belief that the greater diminution m the work of the heart due to 
thyroidectomy will aid the patient 

5 It does not seem wise to operate patients with a metabolic 
rate after protracted bed rest of less than — 10 per cent For if it 
is lower, one can scarcely hope to dimmish the metabolic rate suffi- 
ciently, and jet avoid severe raj'xedema to make a noteworthy 
difference in the work of the heart Indeed cases would seem prefer- 
able in which the metabolic rate is +10 or 20 per cent or more, as 
IS so often true in heart failure even m the absence of thjrotoxicosis 
(page 141) 

6 There should be no extracardiac factors— notablj hypertension 
the malignancy of which is attested by papilledema or badlj 
impaired renal function— whidi bid fair per se to terminate life 
before long Thjroidectomj usually does not lower blood pressure, 
indeed, Schmtker, Van Baalte and CutleH® observed an average 
rise of 10 mm in the sjstolic and diastolic pressures five months 
after operation 

It thus appears that thyroidectomy is indicated in but a very small 
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proporfwrt of paiisiiU xixiK heart fadure or a?ijina pectom Actually, 
the operation is a last resort tvlien everything else has been tri^ 
without success and “there is nothing to lose ’’ But the principle 
of “nothing to lose” must not inveigle one into an operation despite 
negligible hope of success merely li^use the patient is nearing the 
end 

Evolution and Management of the Hypothyroidism —Following 
the removal of the tliiroid gland, hjTiQtliycQidistn gradually devel- 
ops According to Gilligan et al,'* the fall in metabolic rate is 
usually evident by the end of the first week and reaches its lowest 
level bj about the tnd of the first month Honever, there is con- 
siderable individud variation m the rate at which the oxygen 
consumption falls, and the lowest levels may not be readied for 
SIX months (Schmtktr el at ,*• who consider the possibility of aber- 
rant Uijroid tissue m such niatances) As a rule, the metabolic 
rite descends to —35 per cent or lower, and may reach about 
—45 per cent Sooner or I iter, it thj roid extract is not administered, 
the classical symptoms and signs of myxedema make their appear- 
ance hloat often, this occurs between two and six weeks after 
operation Gilligan and his associates found tliat by the end of 
the first month most of the patients exlnbited dry skin, slight 
pallor, and sensitivity to cold, while after the second montli such 
more serious symptoms as weakness, drowsiness, emotional irri- 
tability , and puffiuess of the face or extremities made their appear- 
ance There is great individual variation m the level of the oxygen 
consumption at vshicli symptoms of mvxcdcma appear, in some, 
they are manifest after a short time w-ith a metabolic rate of —15 per 
cent, while in otiieis tiiey are pronounced onlv after weeks with a 
basal metabolism below —25 per cent In addition to the oxygen 
consumption, the cholesterol content of the blood has been us^ as 
an index of tlie hypotliyroidism, Epstein and Lande^^ long ago 
showed that in hypothyroidism the blood cholesterol rises and may 
reach levels surpassing 700 mg per cent However, the inverse 
proportionality between the cholesterol level m the blood and the 
clinical symptoms of hypothyroidism is not very close, though 
probably closer than that between these symptoms and the oxygen 
consumption 

Sooner or later the symptoms of myxedema become severe enough 
to necessitate the administration of thyroid extract This should 
not be done merely because tlie basal metabolism is \ ery low or the 
blood cholesterol higli, but only when the subjective complamts of 
the patient are sufficiently severe to incommode him seriously 
The object is to maintain as pronounced a state of hypothyroidism 
as possible without imokmg mtolerable symptoms ot myxedema 
There is no fixed level of basal metabolism or blood cholesterol to 
be aimed at, but pi^haps most often a metabolic rate of about 
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—20 per cent is optimal Usually, the administraton of less than 
\ gram of desiccated thyroid daily suffices, although if the hypo- 
thyroid symptoms are severe one may start with ^ gram The 
greatest care is needed m the administration of thj roid extract, for 
an excess may promptly result in exacerbation of heart failure or 
angina pectoris 

Complications of the Operation.— E^en in the best hands, there 
IS an operative mortality Blumgart* and his associates report that 
6 of 75 patients succumbed within a week after operation All the 
deatJis were due to poatoperatne puimoaaiy complications in 
patients with heart failure none occurred in individuals with 
uncomplicated angina pectoris The main complications of the 
operation are recurrent laryngeal palsy and parathyroid insuffi- 
ciency, the incidence of these, m serious form, is low m skilful hands 
Surgical details are to be found in the papers of Berlin’ and Cutler 
and Schnitker 

Results of Thyroidectomy — Thei.e have not been wholly con- 
cordant The largest experience has been m the clinics of Boston 
Reports from three such clinics are as follows 

The largest senes is that from Beth Israel Hospital Blumgart^ 
and his colleagues report as follows There were oO patients with 
heart failure, mostly sufferers from rheumatic or arteriosclerotic 
heart disease, and 25 with angina pectoris The ages ranged from 
eighteen to sixt) -nine years Of the 50 patients w ith heart failure, 
24 were able to work when last seen two to eighteen months after 
operation and 6 again regained compensation after recurrent heart 
failure There were G operative deaths and an equal number of 
subsequent deaths, while 2 were unimproved, and 6 had been 
recently operated upon Of the 25 patients with angina pectoris, 

8 had complete relief when last seen, three to eighteen months after 
operation, 5 had infrequent attacks 0 had recurrences after a period 
of complete relief, 4 had little or no relief, and 2 were recently post- 
operative There were no operative deaths in the patients with 
angina, but 1 who had obtained complete relief for three months 
saeciimbed Co coronary ace/asioa 

The results obtained by I>ev me and Cutler at Peter Bent Brigham 
Hospital are quoted by Jleans and Sprague** (see also Cutler and 
Schnitker**) as follows Of 25 patients with heart failure operated 
upon from one to three j ears before 6 showed great improvement, 

5 moderate improvement, 2 slight improvement, and 12 no improve- 
ment (including 2 operative deaths) Of 29 patients with angina 
pectoris operated upon one to three years before 11 showed 
great improvement, 10 moderate improvement, 4 slight improve- 
ment, and there were 2 operative deaths In this senes, Cleans 
and Sprague considered that results which were ‘worthwhile were 
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obtained in 36 per cent of those with heart failure and 65 5 per 
cent of those witli angina pectons 
The results obtain^ by Means and Sprague** at Massachusetts 
General Hospital were not as ftvorable Thej had 19 patients 
with heart failure and 2 with angina pectoris I ifteen of tlieir 
patients were dead at the time of wTiting In only about one- 
fourtli of tlieir cases were tlie results obtained regarded as "worth- 
while” Means and Sprague believe that superior results might 
have been obtained with better selection and hindling of the 
patients, and that then about 50 per cent of "wortliwhile” results 
might be secured While tliey have not abandoned the operation, 
thej had not recommended it for six months prior to writing 
Ilesults of about the same order as those of IMeans and Sprague 
were obtained by Ochsner and Gillespie** and Macs** More 
recentlj, Bourne and Ross” obtained what thej considered wortli- 
while results b> thj roidectomj in 12 patients with angina pectons 
The writer’s personal experience with ihjroidectoroj has been 
small, and confined almost entirely to patients with heart failure 
Several were not appreciably help^ However, one man who was 
hopelesslj bed*ridden as a result of hj^pertensiv e and arterio- 
sclerotic heart disease was able to get about, though not capable of 
work, more than two jears after operation The life of a woman in 
a similar condition was, I feel confident, prolonged at least a jear 
by thj roidectomj 

Further experience is needed to delimit the field of thj roidectomj 
more closely From present indications, which may have to be 
revised, the field of usefulness of the operition would appear to he 
a very circumscribed one Thj roidectomj for heart failure or 
angma pectons has not been performed on the ward service at 
Mount Smai Hospital in the past tliree vears Nevertheless, in a 
small number of carefullj selected patients whose outlook, is other- 
wise hopeliss, thj roidectomj may offer the possibility of a period of 
at least tolerable survival It would appear that good results are 
more likely m patients with angina pectons than m those with 
heart failure Even tliough the number of patients who can be 
helped by the operation proves small, the profession is indebted to 
the originators of the operation for a new approach to the treatment 
of heart failure and angina pectoris, and one which maj leid much 
farther 
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CHAPTER XXXVI 


THE TREATJIENT OE HEART FAILURE IV THE IMAN- 
AGEAIENT OF DISTURBANCES IN RIIYTHJI 

AmUCULAB FIBRILLATION 

TiiB treatment of patients witli auricular fibrillation differs 
notablj in the continuous and paroxjsmal forms, and in accord 
with whether or not lieart failure is present 

Most often, complete arrhythmia is continuous and accompanied 
by more or less heart failure In addition to rest, appropriate diet, 
etc , the trc.itment of such cases consists in the use of digitalis 
Digitalization is a remedj for the heart failure resulting from 
auricular fibrillation and not for the auricular fibrillation ns such 
~it docs not eliminate the arrli>thmia and may m fact tend to 
perpetuate an otherwise paroicjsmal fibrillation But the elimina- 
tion of the heart f ulurc, despite the persistence of the fibrillation of 
the auricles, yields some of the most spectacular therapeutic results 
enjoyed by the [)h>sician Digitalis should be gnen m doses suffi- 
cient to maintain the ventricular rate as close to normal as feasible 
In fact, some patients feel best ti itli the \ entnculnr rate about CO per 
minute In the large ma]ont> of instances, apart from the cases 
due to hjperthyroidism lo which operation restores the rhjthm to 
normal, digitalis has to be administered more or less continuously 
for the rest of tlie patient’s life Exceptionally, digitalis nnintams 
individuals with auricular fibniiation in excellent compensation for 
ten or more y ears Details regardmg the administration of digitalis 
are given in Chapter XXXIV 

Qumidine —In patients in whom auricular fibrillation is accom- 
panied by little heart failure, or in whom the latter has been largely 
eliminate by digitalization, the use of qumidine comes into ques- 
tion While digitalis is purely a remedy for the heart failure result- 
ing from auncisiar Sbrifht/oa, quiiadii2e is s drug which tends to 
restore sinus rhythm, t c , it is a treatment for the arrhythmia per se 
The manner in which quimdme restores sinus rhythm is not clear 
and will not be discussed m detail here (Lewis**) On the basis 
of the prevalent theory that auricular fibrillation is due to a self- 
perpetuating ting of excitation (circus movement) m the auricu- 
lar musculature, the drug presumably acts by abolishing the circus 
movement so that Uie sinus node again resumes command Experi- 
mental findings show that quimdme retards conduction along the 
muscle fibers and prolongs their refractory period Both these 
factors may be concerned in slowing and ultimately abolishing circus 
(75Q) 
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movement, but m the case of auricular fibrillation the prolongation 
of the refractory period is believed to be the more important 
Quimdme is not alwajs an innocuous remedj, for which reason 
carrful discrimination is necessary in its use In only a small 
fraction of patients with auricular fibrillation is quinidine indicated 
The mam field is in those exceptional instances in which the chief 
complaints of the patient are due to the fibrillation itself, and 
there is reason to believe that if regular rhjthm is restored and 
mamtained the comfort of the patient will be greater The results 
obtained with qumidme rarelj justify its use in cases in which there 
are sev ere organic lesions of the heart, notably tight mitral stenosis 
or coronary arteriosclerosis with widespread myocardial damage 
Under these circumstances, tlie drug probably has more than its 
usual quota of danger and even if normal rhythm is attained, 
fibrillation usually soon recurs In patients with auricular fibrilla- 
tion due to rheumatic or arteriosclerotic heart disease who are well 
controlled by digitalis, it is rarely wise to attempt to restore sinus 
rhythm with quimdme Since a greatly enlarged left auricle in 
mitral stenosis usually contains multiple clots the drug should 
not be given when such enlargement is found fiuoroscopically 
because of the danger of embolization after restoration of regular 
rhythm The same is true with a previous history of emboli Old 
age and long duration of auricular fibrillation have been considered 
as contraindications, but sometimes good results are obtained under 
these circumstances The best results are obtained m auricular 
“fibrillation without other evidences of heart disease, m paroxysmal 
fibrillation, and when the arrhythmia persists after thyroidectomy 
The proportion of cases restored to normal rhythm varies with 
the type of case In 1058 cases compiled bv Eismayer,* regular 
rhvthm was restored in 58 5 per cent, the same occurred in 55 9 per 
cent of 60G cases collected by BumeJI and Dieuaide* The more 
recenttheinceptionof thearrhylhmiaand theless the cardiac enlarge- 
ment and other ev idences of organic heart disease, the more likely 
the restoration of normal rhythm and especially its maintenance 
Wolff and "White^* obtained restoration of regular rhythm m all of 
7 patients with auricular fibrillation but no other indications 
of heart disease (See their paper for statistical details ) Activ e 
rheumatic infection and severe heart failure militate against success 
with quimdme In a high proportion of cases m which normal 
rhythm is restored by qumidme, fibrillation recurs between hours 
and years later, in a decided majority of the cases that I have 
observed, the duration of regular rhythm did not exceed a few 
months Often, however, when apatient suffers considerably from 
palpitation or other synnptoms due directly to the arrhy thmia, the 
result is well worth while even though regular rhythm lasts only a 
few months But longer restoration of sinus rhythm is not rare, 
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Wolff md WTiite report thit of 38 patients m whom auricular fibnl 
lation was abolished bj quinidine, 11 7 per cent still had regular 
rhythm from six to seven jears later If the arrhjthmia recurs it 
inij or niav not be terminated again bj quinidine 
While rcstontion of regular rhytlun with quinidme often increases 
the comfort and working capacity of the patient, the weight of 
evidence indicates tint it docs not notably increase the average 
ilurition of life Wolff and Wliitc found approximately the same 
death rite in those of their patients m whom quinidme restored 
regular rhvtlim and in those in whom it failed 
Admimstratioa —The administration of qumidmc for auricular 
hbrillation is usually initiated in be*I, but Weisraan*® has reported 
excellent results in ambulatory patients, I have also given quinidme 
to ambulatory patients with auricular fibrillation on repeated occa- 
sions without accident Because some individuals have an idio- 
svnerasy to the drug, the course of treatment should be preceded 
bv a probatory dose of 0 1 gram of quinidme sulphate TTie next 
day two doses of 0 2 gram may be given and the number of doses 
mcrcascil one daily until regular rhythm is attained or a maximum 
of about 2 or 2 5 grams daily is giv cn It appears that the maxunum 
effect of i dose of quiniditic is within two or three hours, for this 
reason if administration during the day is not successful, it should 
also be given at four hour intervals through the night More than 
10 grams of quinidme sulphate has been giv cn within n day, but die 
risks of sucli huge doses would seem far to outweigh the possible 
adv antages Wlien the rhythm returns to normal, the patient should 
be giv en a ‘raamtemnee dose” of about 0 3 gram daily, after a time, 
the drug may be discontinued to sec if regular rhythm is mam 
tamed without it If the above mentioned doses fail to restore sinus 
rhv dim w ithin about ten day s quinidme should be stopped for some 
weeks, then another attempt may be made and is sometimes success 
ful *1 he transition to normal rhythm IS probably usually through 
i period of luncular flutter which may be detected clinically It is 
sometimes desirable to continue quinidme for a long time, Fahr* 
has gi\ en 12 grains a day for as long as ten years 

Because some of the effects of digitalis on die heart muscle and 
the V agus nerve are the opposite of tiiose of quinidme, it has been 
thought that digitalization retards restoration of normal rhythm by 
quinidme (Barrier’) and that quinidme should not be given until 
some time after digitalis has been stopped This conception does 
not seem to be borne out m practice Wolff and White found that 
quinidme is more apt to restore regular rhythm after the patient 
has been digitalized sufficiently to invert the T wave in Leads' L 
and II, and that the amount of qunuduie required tends to be less 
under these circumstances Since theoretically, digitalis should 
favor the continuance of fibrillation through its affects on the 
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refnctorj pericxi and conduction m the muscle fibers, these findings 
are perhaps to be attributed to impro\ement of e\en slight degrees 
of heart failure bj digitalis fa\oring the action of quimdme If the 
patient with auricular fibrillation has heart failure, the attempt 
should be made to eliminate the latter with digitalis before quimdme 
IS started Under such circumstances, the writer has repeat^ly con- 
tinued the digitalis after quimdme was started without observing ill 
effects from the simultaneous administration of the two drugs 

During the administration of qumidine, careful watch should be 
kept for side effects The drug is to be discontinued on the appear- 
ance of nausea, vomiting, diarrhea, headache, vertigo, tinnitus, 
deafness, urticaria or other skin eruptions, a feeling of heat through- 
out the body or disorientation Because of the depressing effect of 
quimdme on v agal tone and the reduction in the rate of the auricular 
circus movement so that more impulses are transmitted by the 
bundle of His, quimdme often accelerates the ventricular rate 
But if the latter exceeds 120 per minute, the drug should be stopped, 
for there is the possibility of ventricular tachycardia 

\^Tien qumidme is administered to properly selected patients and 
follow ing the abov e-mentioned precautions, fatal accidents are great 
rarities The best known of these— but, it is to be repeated, a great 
rarity— is embolism due to loosening of the clot from the left auricle 
when the latter starts coordinated contraction The danger of 
embolism has been exaggerated, Viko Marvin and White** observed 
embolism m 4 5 per cent of their patients who did not receive qumi- 
dme and m 3 1 per cent of those who were given the drug Sudden 
death not due to embolism has also been observed, while the mech- 
anism remains to be elicited, it may be due to ventricular fibrilla- 
tion or, according to ^Yhite,® perhaps to cardiac standstill as a result 
of depression of both the sino-auncular and auriculo-ventricular 
nodes so that when the circus movement is brought to a halt the 
heart has no pacemaker 

Paroxysmal Auricular Fibrillation —Apart from the extremely 
rare instances in which heart failure develops during a paro^sm, 
digitalis IS best omitted because of its tendency to perpetuate the 
arrhythmia Qumidme often terminates a paroxysm and may be 
an efficient prophylactic 

Thyrotoxic auncular fibrillation is discussed on page 789 

AURICULAR FLUTTER 

During brief paroxysms of auncular flutter ending spontaneously, 
Qo therapy is indicated other than rest and perhaps a sedativ e if 
the patient is alarmed Pressure on the eyeball or carotid smus 
may temporarily slow the ventnde and cause dropped beats by 
increasing the degree of block But this measure does not abolish 
47 
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the flutter, and I had a disagreeable experience when pressure on 
the ejeball caused \entricular standstill for about ten or fifteen 
seconds w ith loss of consciousness and tw itchings Some indn idual^ 
who have had manj attacks continue at their occupation during a 
p'lroxjsm Maintenance doses of quinidine or digitalis may 
dimmish the number of paroxjsms or even abolish them In some 
individuals, paroxjsms of auricular flutter arc excited by exertion 
or excitement, such persons should, of course, guard against the 
exciting cause 

If an attack of auricular flutter docs not pass away within a few 
hours, it should be treated with either digitalis or quinidine Digit- 
alis 13 more often clHcacious and should be tried first Treatment 
may be initiated with about 0 6 gram of the powdered leaf daily in 
divided doses, and this amount subsequently diminished in accord 
witli the response The first effect is usually slowing of the ven- 
tricular r ite as a result of augmentation of the auriculo-v cntricular 
block which 13 almost always already present before treatment The 
block may be increased from 2 to I, 3 to 1, 4 to 1 or even more, 
witli corresponding slowing of tlie pulse and improvement m the 
symptoms and, if these are present, the signs of heart failure Not 
rarely , the pulse becomes irregular as a result of the production of 
a fluctuating auriculo-vcntneular block exceptionally , sinus 
rhythm returns during the administration of digitalis But the 
most characteristic course of events is for the continued administra- 
tion of digitalis to result— presumably as a consequence of decrease 
in the refractory period of the auricular musculature and increase 
in the rate of the circus movement— id transformation of tlie flutter 
into auricular fibrillation Digitalis should tlien be withheld, for 
this may be followed by restoration of normal rhythm Even if 
digitalis fails to restore normal rliyllun, it helps the patient by 
slowing the ventricular rate 

If digitalis does not restore normal rhythm, the administration 
of qumidine is to be tried id the same fashion as in the treatment 
of auricul ir fibrillation Presumably through retarding conduc- 
tion within the auricular muscle and increasing the refractory 
period, quinidine slows the circus movement and auricular rate, 
and may thus abolish the former with consequent return of normal 
rhythm As a result of the depression of vagal tone by quinidine, 
the ventricle may be accelerated and even respond, m consequence 
of the better auriculo-ventricular conduction due to vagal depres- 
sion, to each auricular contraction when the rate of the auricle is 
slowed Acceleration of ventricular rate is thus a stage in the qumi- 
dine treatment of auricular flutter 

The results obtained m the treatment of auricular flutter are 
exemplified by the 22 coses of Cowan and Ritchie* In 4 the par- 
oxysm ended spontaneously, in 2 flutter was transformed into 
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fibrillation bj stropbantlun or strophanthus, normal rhythm being 
subsequently restored, in 1 normal rhjthm uas restored while 
digitalis ^as being taken, m 8 flutter was converted into fibrillation 
bj means of digitalis and in 4 of these normal rhythm was restored 
after digitalis was discontinued, in 3 normal rhjtlim was restored 
bj means of quinidme, 4 cases were quimdine-proof In Parkinson 
and Bedford’s*® 52 cases, digitalis restored normal rhythm, estab- 
lished auricular fibrillation, and failed to abolish flutter with about 
equal frequency There are rare cases of auricular flutter which 
persist for long periods despite all therapeutic measures 

In rare instance, oriciilar flutter is associated with a ventricular 
rate so rapid— equal to the auricular— that extreme heart failure, 
sometimes with sj ncope and other manifestations of cerebral ische- 
mia, results The outcome may be fatal Here, urgent measures 
are required The attempt should be made to slow the ventricular 
rate by pressure on the eyeball or the carotid sinus Strophanthm 
or digitalis may be gi\en intravenously (providing the> have not 
been given m the near past), sometimes with gratifjmg results 
The intravenous injection of quinidine sulphate (0 2 gram, well 
diluted) may be tn^ if digitalis fails but is risky There was an 
excellent result in the only instance of auricular flutter m which I 
saw this treatment tried 

FAROXTSMAL TACHYCARDIA 

Many, if not most, patients with auricular or nodal paroxysmal 
tachj cardia hav e attacks at such infrequent intervals and of so slight 
seventy that treatment is hardly worthwhile They are to be reas- 
sured and told to rest until the paroxy sra passes But if, as is some- 
times the case, they feel better and the attack passes more rapidly if 
they walk around or continue at their activities, they may be 
permitted to do so It is true that this is not always without 
danger, a man who kept about dunng lus attacks finally sustained 
a severe injuiy to his skull when he fell as a result of the onset of 
an attack while on the subway stairs Often, the patient learns 
some simple procedure that terminates an attack These maneuvers 
usually function through vagal stimulation and include holding 
the breath, drinking ice-water, swallowing hard, inducing vomiting, 
turning the neck, or hanging the head low from the side of the bed 

Sometimes, vagal stimulation through pressure on the carotid 
sinus or the ey eball abruptly terminates an attack Pressure on the 
right carotid sinus should be tried first, and if this fails the more 
painful ocular pressure may be attempted Carotid smus or ocular 
pressure is effective only m auncular or nodal tachycardia but not, 
because of the lesser susceptibility of the ventricular muscle to 
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vagal influence, in the ventricular form, and even in the former t>pcs 
It succeeds m onij a small minority of the cases 
The powerful stimulation of the vagus by acetj 1-beta metlijl- 
tholin has recentiv been invoked to terminate attacks of supra- 
V entricular (auricular or nodal) paroxysmal tachy cardia By inject- 
ing this drug subcutaneously , Starr** promptly terminated 66 of 75 
attacks m 37 patients lie found tliat older patients require a larger 
dose lie gav e 20 or 30 rag to y ouoger patients and 50 mg to those 
past fifty y ears IIis procedure is first to try carotid smus pressure 
If this fails, acetyl beta-methylcholm is injected subcutaneously 
Unless the attack stops promptly, the site of injection is massaged, 
whicli sometimes brings success If not carotid smus pressure is 
tried and if this also fails, a larger dose is injected one-half hour 
later Among the undesirable side effects of acety I beta-methyl- 
cholin which frequentiv occur are nausea, vomiting, syncope, and 
m mdiv iduals w ith asthma, asthmatic attacks If sev ere, these side 
effects mav be abolisiied by the injection of atropine 
If the attack persists beyond a few hours despite the above 
measures, quimdme should be tried, it cuts short some, though 
by no means all, attacks Five doses of 0 3 gram of qumidine 
sulphate at intervals of two hours may be given daily If this 
fails, larger doses may be tried throughout the day and night In 
urgent situations quinidiaesu]phate(0 2 gram,wcll diluted) has been 
given intravenously and may stop the attack spectacularly, but I 
witnessed a fatality following such an injection In the ventricular 
tachy cardia of coronary thrombosis, a v ery serious condition, Levine** 
obtained excellent results from the oral administration of quinidine 
(page 781) Quinidine is also the drug of choice m v entricular par- 
oxysmal tachycardia occurring under otlier circumstances 

If quimdme fails in auricular or nodal tachycardia, digitalis 
should be tried In view of the possibility that digitalis may 
perpetuate tlie rhytlim or even induce ventricular fibrillation, it 
would appear that the drug is contraindicated m \ entricular tachy- 
cardia But surprisingly enough, m view of the tendency of digit- 
alis to induce ectopic rliy thms, thedrug may stop attacks of auricular 
or nodal tachycardia Digitalis would appear to be especially 
indicated in the cases in which cardiac dilatation supervenes By 
the intravenous injection of digitalismauricular tachycardia Wilson 
and Wishart“ produced first slowing of the heart and then cessation 
of the paroxy sm Darner* terminated 6 of 8 cases of auricular or 
nodal tachycardia by the intravenous injection of 5 cc of digalen, 
repeated m forty -five minutes Or 0 5 mg of strophanthm may be 
injected The manner in which digitalis terminates auricular tacbv- 
cardia is not clear, tliat it is at least sometunes through the inter- 
mediacy of vagal stimulation is indicated by Barrier’s observation 
that m one of his cases of auricular tachycardia digitalis did not 
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restore sinus rhythm after atropine, although it did so on other 
occasions 

If there are frequent attacks of paroi^smal tachycardia, mainte- 
nance doses of qumidine sometimes lessen the frequency or even 
abolish them completely Digitalis has also been used to diminish 
the frequency of attacks of supraN entncuiar tachy cardia, but I have 
no experience with the method 

Recently, Ha^ka^y (to be published) has observed 4 cases of 
paroxysmal tachycardia which he attributes to allergy to foods, 
and m which the attacks ceased when the offending foods were 
eliminated from tlie diet Further observations along these lines 
are much to be desired 


EXTRASYSTOLES 

In the vast majority of instances premature contractions not 
associated with evidence of organic heart disease need no treatment 
If the patient is aware of their existence, or has been told of them 
by a physician, every effort should be made to convince him that 
they are innocuous Sometimes the effectiveness of such reassur- 
ance 13 enhanced by the administration of bromides or other seda- 
tives, but usually the wiser course is to assure the patient that he 
needs no medicine If he has acquired the unfortunate habit of 
feeling his pulse to detect irregularities this should be stopped 
Sometimes, extrasy stoles are due to tobacco and disappear when 
smoking is eschewed But if cessation of smoking has no effect on 
the irregularity, or if tlie latter is, not very annoying there is no 
reason for depriving the patient of the pleasure Coffee also appears 
to be a rare cause of extrasystoles In individuals with gall bladder 
disease, premature contractions sometimes disappear after operation 
^Vhen the premature contractions are sufficiently frequent to 
cause annoyance, qumidine sulphate, m doses of 0 2 gram three 
times daily, may diminish the number or even abolish them Accord- 
ing to Wenckebach, the effectiveness of this treatment (he used 
quinine) is enhanced by the addition of about 1 mg of strych- 
nine sulphate to each dose Paradoxically, while digitalis often 
produces premature contractions, it has repeatedly been observed 
that the administration of the drug sometimes abolishes sponta- 
neous extrasystoles, this has been confirmed for both auricular 
and ventricular premature beats by the careful observations of 
Otto and Gold But there are manv cases in which neither 
qumidine nor digitalis helps Atropine has been used for the treat- 
ment of premature contractions, but Qtto and Gold found that the 
number is lessened only wheu the rate of the heart is markedly 
accelerated They also found that exercise and epmephrm increase 
the frequency of ectopic beats 



758 THE TEEATVENT OP IIEiET FAILURE 

^Vhen extrasjstoles appear m individuals with organic heart 
disease they likewise call for no special treatment However, the> 
occasionally presage the development of paroxjsmal tachycardia 
or auricular fibrillation and hence call for close observation of the 
patient The same is true when ventncular extrasv stoles appear 
after coronary thrombosis, when tliey may herald more serious 
arrhythmias Under these arcumstances, it ig generally wise to 
try to aholisli diem with qmnidine which may serve as a prophylac- 
tic of tlie more dangerous disturbances of rhythm 

ALTERNATION OP THE HEART 

The pulsus altcrnans is a manifestation of heart failure and treat- 
ment 13 directed toward the latter Sometimes successful digi- 
talization IS followed by disappearance of the alternation 

HEART BLOCK 

The lesser degrees of auriculo-ventricular block, revealed by 
prolongation of the auriculo-ventricular conduction time or even 
droppw ventricular beats, require no therapy directed specifically 
to the conduction disturbance However if the impaired conduc 
tion accompanies heart failure requiring digitalis the latter should 
be administered cautiously with frequent observation to detect 
increase in the degrees of block In a careful study Blumgart and 
iVltschuIe* found that the administration of tlicrapeutic doses of 
digitalis to patients with partial heart block and heart failure had 
little effect on auricuIo-ventricular conduction 

In complete auriculo-ventricular dissociation likewise treatment 
for tlie conduction disturbance is not called for unless there are 
Stokes Adams attacks In the large majority of instances such 
attacks are due to more profound slowing of the ventricles or even 
ventricular standstill (page 279) In such cases, the frequency of 
tlie attacks can often be diminished, or then complete disappear 
ance for a time brought about, by tlie admimstratiou of drugs w hich 
enhance the excitability of the idioventricular pacemaker which 
initiates ventncular systole in the absence of impulses along the 
bundle of Ills The most effective drug of this type is epinephnn 
Culiis aud Tribe’ showed tint following section of the auriculo- 
ventricular bundle in cats and rabbits epinephnn accelerates botli 
the auricles and ventricles Tlie same was subsequentlv demon 
strated m human heart block, and Phear and Parkinson’® showed 
that epmephrm mav abolish Stokes-Adams attacks by accelerating 
tlie ventricles The subcutaneous or intramuscular injection of 
0 5 to 1 mg of epinephnn controls most Stokes Adams attacks 
within a few minutes Fed’® warns against the intravenous injection 
of epmephrm during the attacks because of the danger of grive 
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reactions Sometimes, repeated injections must be given at inter- 
vals of a few hours as the effect of the drug wears off and cerebral 
phenomena reappear There need be no hesitation about injecting 
epmephrin subcutaneously in cases of heart block and the Stokes- 
Adams syndrome due to coronary thrombosis, under these circum- 
stances, the drug may be life-saving ^Vhen the Stokes-Adams 
attack IS due to complete standstill of the v entricles, the absence of 
circulation would appear to render peripheral injection of the drug 
useless and necessitate intracardiac injection, Levine and Jlotton** 
had success with such an injection ^Vhile epmephrin is of great 
value and even life-saving in the more common form of Stokes- 
Adams syndrome due to ventncular slowing, Schwartz and Jezer” 
point out that it may be harmful and is strongly contraindicated in 
the exceptional instances of the syndrome due to paroxy smal ven- 
tricular fibrillation (page 280) In two patients whose Stokes- 
Adams attacks were due to paroxysmal ventricular fibrillation, 
Schwartz and Jezer brought on paroxysms by the injection of 
epmephrm, and they also found that injection of epmephnn during 
V entncular fibrillation seemed to prolong the mechanism 

Ephednn has much the same, though a less powerful but longer 
lasting, effect as epmephnn on the ventncular rate m complete 
heart block and on Stokes-Adams attacks In a patient with fre- 
quent attacks, Wood’* prevented the Stokes-Adams syndrome for 
eighteen months by the oral administration of 24 mg of epbcdrin 
sulphate once or twice daily, on discontinuance of the drug, the 
attacks reappeared 

Cohn and Levine* found that barium chloride increases the irri- 
tability of the idiov entncular pacemaker and controls some Stokes- 
Adams attacks The dose of barium chloride is 30 to GO mg three 
or four times daily, by mouth However, barium chloride— as well 
as thyToid extract and atropine, which have also been used — are 
not nearly as effective as are the sympathicomimetic drugs just 
mentioned 

A few instance are on record in which heart block m luetic heart 
disease, presumably due to gummatous lesions in the vicinity of 
the bundle of His, was cleared up by antiluetic treatment 
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CHAPTER XXXVII 


THE TREATiMENT OP THE INDIVIDUAL DISEASES WITH 
HEART FAILURE OR ANGINA PECTORIS 

RHEUMATIC HEART DISEASE 

In the treatment of rheumatic heart disease, the physician strives 
toivard two goals, the paths to which do not alwajs coincide inac- 
tivation of the rheumatic infection and elimination of cardiac 
strain and failure The relative importance of these objectives 
varies, not only in different patients but also in the course of the 
same case From tlie point of view of the immediate therapeutic 
objective, three groups of eases ma> be differentiated 

1 Patients w ith rheumatic infection m whom there is no ev idence 
of heart failure Cases of this tjpe are common despite the fact 
that the myocardium is implicate in practically every instance of 
rheumatid infection, and occur even where the cardiac implication 
IS revealed by the physical or electrocardiographic findings Such 
a state of affairs is present m most initial attacks of rheumatic fev er, 
although exceptionally evidences of heart failure develop even 
during the first bout of rheumatic activitv Some patients go 
through repeated exacerbations of rheumatic fever without evi- 
dence of heart failure, but this is decidedly unusual In these cases, 
because of the absence of heart failure, the therapy is entirely that 
of the rheumatic infection -per se 

2 Patients with both florid rheumatic activity and heart failure 
The vast majority of instances of heart failure in children are of this 
nature, tlie cardiac insufficiency being caused by the exacerbation 
of rheumatic activity m the heart The same is true of a high 
proportion of cases of failure of the rheumatic heart in y oung adults 
and of some of those in the elderly Here, the treatment consists 
of measures directed toward both the rheumatic mfectioii and the 
heart failure 

3 Patients with long-standing rheumatic heart disease m whom 
cardiac failure develops m the absence of florid rheumatic infection 
This IS rare m the young but common m those past thirty y ears 
It IS true that a high proportion of such indiv iduals hav e low -grade 
rheumatic activity at tlie time, as manifested at necropsy by scat- 
tered Aschoff bodies and perhaps recent verrucffi on the cusps 
But the activity, when present, is of such low grade that it is not 
revealed by fever, leukocytosis, or acceleration m sedimentation 
rate, and is not manifested by arthritis Since none of the manifes- 
tationsTinown to be influenc^ by salicylates or other antirheumatic 

( 761 ) 
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drugs are present, tlie physician must perforce confine bis therapeutic 
activities to the management of the heart failure 

General Measures ui the Treatment of Active Rheumatic Infec- 
tion —Patients v.itU active rlieumatic infection belong m bed 
Because of the frequently profuse perspiration, tliey should haie 
absorbent bed clothes and bt protcctwl from draughts If there is 
artliritis the painful joints sliould be snathed m flannel and efforts 
he made to avoid joltmg the bed With pericarditis it is customary 
to appl> an ice-bag to the prccordium, but it is doubtful that this 
13 of more than psychotherapeutic value When chorea is present, 
quiet IS of especial importance 

In view of the elevated metabolism due to the fever, the diet 
should he ample and include an adequate protein ration That 
any ‘<pccial dietary regime has specific value in rheumatism has 
not been sliown Bincliart** and his associates found tliat infection 
superimposed upon cliromc scurvy m guinea pigs results m lesions 
which they considered histologically similar to those of thcuniatic 
infection They also adduced epidemiological and other evidence 
that deficiency of vitamin C (ascorbic acid) is concerned in the 
pathogenesis of rheumatic fever However, Perrj<^ and Sendroj 
and Schultz” have shovvu that vitamin C deficiency is not always 
present in rheumatic infection, and there is no evidence that the 
administration of large amounts of vitamin C as has been sug> 
gcstcd,cxertsaspecifically favorablecffcctontherheumaticinfection 

Drugs m the Treatment of ^eumatfe Infection —The salicylates 
ire by far tiic most generally valuable drugs m the treatment of 
vctivc rheumatic mfcction This is true despite the fact that 
several gencratioiib of clinical observation indicate that the adminis- 
tration of salicylates docs not abbreviate the duration of an exacer- 
bation of rheumatic activity and while the disease is active the 
symptoms recur when salicylates are withdrawn Miller” found 
that the period of hospitalization is not abbrev lated by the admmis- 
tration of salicylates But although the salicylates do not shorten 
a rheumatic attack they have two very favorable effects namdy, 
to diminish the temperature if fever is present and to decrease the 
pain and swelling of joints implicated in rheumatic arthritis How 
\hese bcmficenl rf^ects ate produced is eiAite^y UTiknuftW, Vbe fati 
that die duration of the attack is not shortened would indicate that 
the sahey lates hav e neither a bactericidal action on the unidentified 
causative organism of rheumatic fever nor a stimulating effect on 
the development of immunity The most important question from 
our present point of view, that of the effect of the salicylates on the 
imfiammatory process in the heart, is as yet obscure Smee the 
salicylates induce the subs^ence of the exudative inflammation m 
the joints, it might be assumed that they hav e a sumlar action on 
exudative phenomena in tlie heart However, so far as I am aware, 
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it has not been demonstrated that salicylates accelerate the resorp- 
tion of rheumatic pericardial effusions, although this should be 
studied more carefully with the roentgen-ray And in the myocar- 
dium and endocardium, froma veiyearJy stage, rheumaticinffamma- 
tion IS predominantly proliferative rather than exudative m nature, 
w e do not known what are the effects of salicylates on tlie prolifera- 
tive process Nor has climcal observation furnished an unequivocal 
answer to the question whether the salicylates affect rheumatic 
carditis Coombs, “ who studied rheumatic disease intensively for 
several decades, stated that “my experience leads me to believe that 
the administration of salicylates does limit the extent of the cardiac 
lesions” On the other hand, it is an everyday experience to 
observe the progression of rheumatic carditis while the patient is 
receiving large doses of salicylates It would thus appear that the 
utility of salicylates for other than combating fever or arthritis is 
still not proved, and the advisability of administering these drugs 
for either the treatment or the prophylaxis of rheumatic heart 
disease m the absence of fever or arthritis is still sub judice Pre- 
sumably, the elimination of fever by salicylates helps the heart by 
diminishmg its work Attempts have been made to prevent the 
reactivation of rheumatic infection by the administration of salic^ 1- 
ates to children with quiescent rheumatic diease (Leech”), but the 
utility of this procedure has not been proved It has the disadvan- 
tage that It might mask the onset of rheumatic activity 
Of the salicylates, the most generally useful is sodium salicylate 
In florid rheumatic infection with fever and perhaps arthritis, it 
should be administered m large initial doses Because of the indi- 
vidual variability of the amount producing toxic manifestations, 
sodium salicylate is best given m divided doses The addition of 
an equal amount or more of sodium bicarbonate appears to lessen 
the tendency to gastric irritation The drugs may be given in 
enteric coat^ capsules or m such a vehicle as peppermint water In 
an adult 15 to 20 grains of sodium salicylate may be giv en hourly for 
eight doses or discontinued before if toxic manifestations develop 
The same or a smaller amount may be given the next day and pro- 
gressively smaller dosage administered as indicated by the arthritis 
and temperature If gastric irritation prevents the oral adminis- 
tration of sodium salicylate, it may be given by rectum, after a 
cleansing enema 100 to 150 grams of sodium salicylate are given in 
5 or 0 ounces of starch water to which 15 minims of tincture of 
opium have been added Tlie same or, if needed, a larger dose 
may be repeated daily However, it should be remembered that 
V omiting due to salicylates may not be the result of gastric irritation 
but rather produced by central action, it is then accompanied by 
other toxic effects and may also follow rectal administration 
Salicylates may also be given intravenously (2 grams of sodium 
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salicylate m 10 per cent aqueous solution), ^hilc the action is 
rapid, tins method ^vould seem rarely called for Some physicians 
prefer acetylsalicyhe acid to sodium salicylate on tlie ground that 
It 13 less apt to cause gastric irritation IIo\ie\er, hypersensitivity 
to acetylsalicyhe acid is probably more common than to sodium 
sahey late The dosage is about tuo*thmb that of sodium salicylate 
While methy 1 and strontium salicylates ha\ e been used they present 
no advantages and severe intoxication may occur from large doses 
of the former Witli all the salicylates, close watch is to be kept for 
evidences of salicylism— fulness in the head, headache, tinnitus, 
vertigo, deafness, vomiting, and rarely mental or visual distur- 
bances Wide albuminuria may result, renal damage of consequence 
docs not stem to occur Many physicians endeavor to attain 
maximum saturation with salicylates by increasing the do&e until 
tinnitus IS produced However, since it is not yet demonstrateil 
that the salicylates exert a favorable effect on the cardiac lesions, 
such a procedure would seem to invite unnecessary discomfort if 
the tlicrapcutic effects on the fev er and arthritis arc attained w ith 
smaller doses 

The drugs that have been roost widely used as substitutes for 
the salicylates are cincophcn, neocmcophen, and nmidopyrm The 
emcophens are given in the same dosage as the salicylates and 
often have the same effect on tbe fever and arUiritis But smee 
in rare cases, presumably in individuals with some as yet obscure 
predisposition, the emcophens produce hepatic degeneration, it 
w ould seem wise to reserv e these drugs for use in the v ery exceptional 
cases m wlueh the salicylates arc ineffective The use of amido- 
pyrm m rheumatic infection has been studied with special care by 
Schultz" He found that m doses of between 10 and 30 grams 
daily araidopy rin generally controls the fev er and arthritis Schultz 
found that m these doses amidopyiin does not cause gastric irrita- 
tion, which has the advantage when digitalis is also being given 
that it permits the easier recognition of excessive doses of digitalis 
However, since amidopyrin has a toxic and depressing effect on the 
bone marrow m rare indiv iduals, the writer prefers not to use the 
drug unless the salicylates fail or produce toxic sy mptoms There 
is no evidence that either cincophen or amidopyTin shortens rheu- 
matic exacerbations or influences the carditis 

As in all infections numerous chmeans have used sulfanilamide 
and otlier sulfonamide derivatives m the treatment of rheumatic 
fever (c/ Swift, Moen and Hirst") So far, these drugs appear to 
be without therapeutic value in active rheumatic infection, and 
toxic manifestations seem to be eqieciaUy frequent m these hyper- 
reactive individuals On the other hand, it is quite likely that 
protracted admuustration of sulfanilamide to individuals w'ho have 
suffered from rheumatic infection servra to lessen the incidence of 
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recurrences This is not surprising, because it seems well established 
that, whatever the fundamental etiologj of rheumatic fever, 
exacerbations are often evoked by mfections with hemoljtic strep- 
tococci (cf Coburn’) Thomas and France" admimstered during two 
winters 15 to 20 grains daily of sulfanilamide to 30 individuals with 
recent acute rheumatic fever, and found that none developed any 
manifestation of active rheumatic infection If such continuous and 
protracted administration of small doses of sulfanilamide proves to 
be without deleterious side effects, the prophj lactic use of the drug 
m rheumatic individuals ina> prove of the highest importance 

Iron IS often a valuable remed> for the hypochromic anemia that 
develops during activ e rheumatic infection The anemia ma> require 
transfusion 

Various vaccines and serums have been introduced for the treat- 
ment of rheumatism, but their value has not been demonstrated 
The same is true of non-specific protein therapy Nor does roentgen 
irradiation of the heart, used by Levy and Golden,** seem of estab- 
lished value 

Treatment of Heart Failure During Flond Rheumatic Infection — 
IVhen heart failure is produced bj exacerbation of rheumatic 
carditis, much the usual treatment for cardiac insuificienc) , as 
already described, is in place However, except m cases with 
auricular fibrillation digitalis often has little effect on the heart 
rate or the symptoms of heart failure as long as the infection is 
active and fever is present In auricular fibrillation despite the 
presence of fever, the response to digitalis may be excellent \Vhen 
edema is present, the mercurial diuretics are often valuable, pro- 
ducing profuse diuresis when digitalis has failed to do so Because 
of the presence of fever and sweating, duid and salt intake should 
not be restricted as m other forms of heart failure Salicylates 
and other antirheumatic drugs (page 764) should be used as in the 
absence of heart failure, whether or not they affect favorably the 
mflammatorj process in the heart, the reduction of fever and the 
effect on the ]omts when arthritis is present are desirable In 
edematous patients the writer has used acetjlsahcjhc acid or other 
antirheumatic drugs m place of sodium salicjlate because of the 
apprehension that the administration of the sodium ion might 
aggravate the water retention, whether this fear is justified m fact 
remains to be demonstrated It will often be found that all measures 
to overcome the heart failure are unsuccessful until the rheu- 
matic activitv subsides, after which the cardiac insufficiency 
improves spontaneouslj 

Removal of Foci of Infection —A high proportion of cases of 
rheumatism are initiated by sore throat, and the same sequence of 
ev ents is common during acute exacerbations of rheumatic activ ity 
In these sore throats, tonsillitis and inflammation of the other 
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Ij tnphoid collections constituting Waldej er’s ring are generally the 
predommint or a prominent feature By those who regard rheu- 
matic disease as a manifestation of focal infection, the lymphoid 
tissue of the tliroat has been assigned a predominant place as a 
focus, md m the allergic modihcition of this theorj, the throat is 
gencrallj considered the ]no:>t frequent source of sensitizing infec- 
tion Because of these facts and theories much was expected of 
tonsillectomy and adenoidcctomy in tiie treatment of rheumatic 
activity and especially in tlie prophjhxis of subsequent attacks 
Ihcse hopes have been fulfilled in hut slight degree It is generallj 
agreed that tonsilicctoinj rarel>, if ever cuts short an attack of 
florid rheumatic infection, and indeed the severitj of tlic case is 
sometimes aggravated following the intervention For this reason, 
operation is now hardlj ever earned out during tlie height of a. 
rheumatic exacerbation The value of tonsillectomy as a preven- 
tatue of initial rheumatic infection or of subsequent exacerbations 
in a rheumatic mdividual has gi\cn rise to more difference of 
opinion Comparing tlic incidence of rheumatic infection m 20 000 
children who had had tonsillectomy with that m 28 000 who had 
not Kaiser*’ concluded that rheumatic infection is less common 
after tonsillectomy but the difference in incidence m the two groups 
v\ 13 not great Wilson Lmgg and Croxford** found that tonsillec- 
tomy has no considerable effect on tlie incidence of recurrences in 
rheumatic children the latter became less common with advancing 
jears whether or not the tonsils had been removed Of 194 rheu- 
matic children observed for one to cightyearsbj Smith and Sutton 
tonsillectomy was followed by improvement m 28 per cent, by no 
improv ement in 68 per cent, and by aggrav ation of the condition 
in the remainder These findings speak definitely against the 
advisability of routine tonsillectomy m individuals with rheumatic 
heart disease, a practice all too prevalent in the past The indica- 
tion for tonsillectomy m rheumatic individuals would seem to be 
the presence of definite infection in the tonsils, especially if there is 
a history of sore throat .<Vnd even when the tonsils are definitely 
infected, it is wiser to postpone the tonsiUectomv until an acute 
exacerbation of the rheumatic mlection has subsided otherwise, 
severe reactions will occasionally be encountered Coburn’ has 
observed frequent mild exacerbations and a number of severe recru 
descences following tonsillectomy m rheumatic individuals, I have 
made sumlar observations Cobum not infrequently encountered 
prolongation of the P-R interval in the electrocaidiogram after 
tonsillectomy in rheumatic patients which was not present twenty- 
four hours before the operation Even though the removal of the 
infected tonsils does not prevent future exacerbations it often 
just as m non rheumatic children, rraults m gam m weight and 
improvement in the general physical condition 
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I have not known the removal of infected teetli or treatment of 
sinus infections to have any effect on the course of rheumatic 
infection The indications for the treatment of these infections 
are the same as in non-rheumitic individuals Except for the 
possibility that they may form the focus from which subacute 
bacterial endocarditis becomes engrafted on a rheumatic valve, 
there is no reason for washing out a sinus or pulling a tooth that 
would not be touched m a hcalthj per»?n TOiile this possibiht} 
is largely theoretical, it should be mentioned that one does occ,i- 
sionally see the developm^t of subacute bacterial endocarditis 
soon after tlie extraction of an infected tooth, whether or not tins 
IS purely coincidence remains to be determined 
Duration of Bed Rest —This is often a difficult question to 
decide By analog} with other organs, it Ins been assumed that 
rest facilitates the healing of an inflammatory process in the heart 
Howev er, the situations are not altogether analogous for the heart 
muscle can never be put corapletelj at rest Nevertheless it seems 
likely that exercise favors dilatation which is presumably dele- 
terious to the heart muscle If a patient witli rheumatic fever 
leaves bed soon after the temperature has returned to normal not 
uncommonly fever promptly reappears For these reasons it is 
generall} considered wise to keep a patient in bed until two or three 
weeks after rheumatic activity has subsided Among the evidences 
that rheumatic activity is still present are fever, arthritis, growing 
pains,” pericarditis, pleunsj, bronchopneumonia perhaps fresh sore 
throat, rheumatic eruptions, chorea, fresh subcutaneous nodules, 
anemia, leukocytosis, acceleration of the sedimentation rate of the 
red cells, and an electrocardiogram changing toward abnormality 
Increase m tlie sev erity of the heart failure is usually a manifestation 
of rheumatic activ ity m the y oung On the other hand the appear- 
ance or accentuation of signs of a valvular defect do not necessarily 
indicate activity, they may result from progressiv e deformity due to 
scar formation and may indeed be partially due to the recovery and 
consequently more powerful action of the myocardium Of the 
criteria of activity mentioned, rapid sedunentation tune has been 
considered especially valuable in recent years, for it usually outlasts 
the others It should be remembered, however, that heart failure 
tends to slow the sedimentation rate, so tliat the acceleration due 
to activity may be masked if cardiac insufficiency is present, I have 
repeatedly seen slow sedimentation time m febrile rheumatics who 
had heart failure It is known, of course that even the disappear- 
ance of all these clinical entena of activity does not necessarily 
mean that the rheumatic inflammation in the heart has completely 
subsided, for the latter may persist in low-grade form for years 
and decades as revealed bv the finding at necropsy of Aschoff 
bodies and ev en fresh v errucie But it is impossible to keep patients 
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With such low grade nctmtj in bed bNen following the critcnv 
enuraented it is often neccssan to keep the patient m bed for 
many months and rarely m diildrcn for as much as a j ear Eco- 
nomic conditions often force us to allow a patient with occasional 
slightfever jointpuns orcspeciollj accelerated setlimentation time 
to return to his occupation In the case of children it is especially 
important that thej be shielded as much as feasible from contact 
with indiviluals with respiratory infections for the latter often 
initiate a fresh exicerbation of rheumatic activity However 
important as this is the writer has the impression that in the zeal 
to eliminate rheumatic infection children are not uncommonly kept 
in bed and iway from school so long tliat their education suffers 
more tlian is warranted by the iinpro\emcnt obtained by the 
protracted rest The duration of beil rest and absence from school 
should be decided for each child individually the decision is often 
a difficult one and should be irrived at by a physician and not by 
a nurse follow mg general rules 

Vftcr the patient leaves bed it is important that his activities 
be regulated m accord with the functional capacity of the heart 
In tins regard much lias been accomplished for children by means 
of cardiac clisses and homes anl for adults by means of social 
service agencies which aid the individual witli heart disease to 
obtain a position Within his working capacity It is I believe true 
that economically better situated persons with heart disease remain 
m a compensated stage for a much longer time than do the poor 
Tins IS presumably due to the fact that they can take appropriate 
rest important perhaps is also the environment for exposure to 
cold and damp lack of sunlight and inadequate diet may well 
favor reactivation of rheumatic infection In New York City one 
sees little rheumatic disease in the children of the well to-do and 
rich while there is a great deal among the poor 

Climatic Treatment —It has been found that rheumatic fever is 
far less common m tropical and subtropical climates than m the 
temperate zone Investigations by Faulkner and \Vhite *• Harrison 
and I evine ‘ Nichol “ and others have shown that the incidence 
of rheumatic heart disease is far smaller in the Southern states than 
m the Isorth Thus Nichol found that in a period of five years 
the admission rate of rheumatic fever rheumatic carditis and 
chorea m a general hospital in hliami was only one-tentli that in 
Boston in the same period Hamson and Levine s necropsy statis- 
tics from New Orleans and Oklahoma City point m the same direc- 
tion Because of these facts many patients with recurring exacer 
bations of rheumatic activity have been advised to migrate to 
southern Florida or a similar clunate (Porto Rico would probably 
be well suited if adequate residential facilities were available) m 
the hope that the rheumatic infection would subside Whether 
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the change to the South does actually lessen the incidence of exacer- 
bations m rheumatic individuals enough to make the economically 
difficult migration worth whileremains tobe established by observa- 
tions on large numbers of individuals But especiallj in children 
with recurrent rheumatic activity, tlie change m climate would, 
a prion, seem well advised 

HYPERTENSIVE AND ARTERIOSCLEROTIC HEART DISEASE 

The treatment of the cardiac manifestations of hypertension and 
of coronarj arteriosclerosis may be considered together For in 
at least the vast majority of instances, cardiac sj mptoms in hyper- 
tension are due to the development of coronary arteriosclerosis, and 
their management is much the same as when coronarj arterio- 
sclerosis develops in the absence of high blood pressure Moreover, 
such feeble measures as are at our disposal to lower the arterial 
pressure— bed rest, fluid, salt and dietaiy restriction, and the use 
of sedativ es— are largely identical with those applied in the treat- 
ment of heart failure without hypertension Tlie value of operative 
procedures on the central nervous sytem for the treatment of 
hypertension is still not settled and will not be discussed here 

From the point of view of treatment, and bearing in mind that 
they are commonly associated or succeed one another m the same 
patient, the cardiac disorders engendered b\ hvpertension and 
coronary arteriosclerosis may be considered m three categories 

1 Angina pectoris 

2 Coronary thrombosis 

3 Heart failure 

Angina Pectons —The following pages are concerned with the 
treatment of those patients in whom angina pectoris (the term is 
used purely as a synonym for cardiac pain) dominates the clinical 
picture The pam m question is due m the large majontv of cases 
to coronary arteriosclerosis, less often to syphilitic aortitis or rheu- 
matic aortic valvular detects, and rarely to other causes (Chapter 
XXIII) Unfortunately , at present one can do little more than 
treat the symptom of cardiac pam, with rarely the possibility of 
attacking the underlying process. 

General Measures —As most patients learn for themselves, rest is 
a cardinal measure in the treatment of cardiac pam Inasmuch 
as the pam is m all probability due to relative ischemia of the heart 
muscle, rest tends to avert attacks by diminishing the volume of 
blood needed by the heart Many patients hav e a definite threshold 
of exercise, e g , walking so many blocks or climbing so many stairs, 
above which pam appears In others, excitement is the usual 
provoking cause of the pain And even m patients who are subject 
to nocturnal attacks, the latter are more likely to appear, though 
48 
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tins IS not ilUvajs true after a strenuous daj For this reason tlie 
patient must learn to keep his activities belo^^ the tlireshold w hich 
brings on pain And if pam comes on during any activiU tins 
should be immediately discontinued until the pain ceases for if 
the present conception that tlie pain bespeaks an isclicmic focus in 
the heart muscle 13 correct further activity presumablv aggravates 
the ischemia Activity includes not only physical exertion but also 
vv orrv excitement etc IVIany individuals w ith pain due to coronary 
arteriosclerosis get along well for vears by appropriate restriction 
of activities But in prescribing rest the economic status of the 
individual must he taken into consideration tliere is no use ordering 
protractc'd confinement to his home for one who cannot leave his 
occupation 

In some patients with frequent attacks of angina complete rest 
brings rdief of considerable duration In several cases with daily 
attacks I have obtained excellent results b\ putting the patient 
t6 bed on a diet of less than 1000 calorics dailv (page 07S) with 
fluid and salt restriction shielding him as much as feasible from 
worries and administering sedatives and coronarv dilators The 
great value of low •calory diets and small individual nscals in angina 
pectoris has alreadv been discussed (page 677) the rationale is tliat 
thev dimmish tlie work of the heart Of especial importance is 
loss of body weight by obese patients not rireh this dunmishes 
tlic frequenev and seventy of the pain or even abolishes it com 
pletcly for a time After the patient leaves bed he is continued on 
a low-calory diet Such a rigorous rest cure is worthy of trial 
before proceeding to paravertebral block or otlier more radical 
measures It is especiallv apt to be helpful in patients with both 
high blood pressure and obesitv 

The use of tobacco is discussed on page 682 That alcohol is 
sometimes a valuable therapeutic agent in angina will be mentioned 
below Nor is there any general objection to tea and coffee in moder 
ation although the action of caifein as a coronarv dilator is weak 
However as Lew ” has pointed out there arc rare indiv iduals w ith 
or without coronary disease in whom coffee produces cardiac pam 
of course thev should abstain 

Ilecently Ixerr** has been able to relieve angina pectoris m certain 
patients by supporting the abdomen with a specialh constructed 
belt The typical patient in question presented a picture of obesitv 
with a protuberant pendulous abdomen exaggerated spinal curv es 
florid complexion and poor posture Ixerr thinks that m sucli 
patients faulty motion of the diaphragm results m defectiv e v enous 
return to the heart and consequent madequate coronarv flow Kerr 
believ es that m patients of the type described a properh fitted elastic 
and supporting belt tends to correct this inadequacy and thus rehev e 
angina Individuals with apendolous abdomen are of course often 



HYPERTENSIVE AND ARTERIOSCLEROTIC HEART DISEASE 771 

rendered more comfortable by proper abdominal support, but m the 
few patients with angina due to coronaiy arteriosclerosis m whom I 
ha\ e seen a supporting belt used there did not seem to be a striking 
effect on the cardiac pain, perhaps the cases were not properly 
selected 

rinallj, it should be mentioned m conjunction with the general 
management of patients with 'ingtna pectoris that the highly original 
points of view developed by Libman** ma> lead to notable advances 
m our understanding of the nature and treatment of the condition 
On the basis of thirty -five years of intensive clinical and anatomical 
observation, Libman has arrived at tlie “conviction tliat athero- 
sclerosis and thrombosis of the coronary arteries and ‘angina pec- 
tons’ of nerve origin are largely of metabolic origin, and that we 
must stop considering patients from only the standpoint of the 
heart and arteries They should be regarded as affected by a 
general disorder, of which the cardiac manifestations are but one 
evidence ” Libraan believ es that the metabolic disturbance m 
question is the same as that which underlies so-called gouty states 
and that disturbance in liver function is concerned On the basis 
of this conception, Libraan has treated patients with ingma pectoris 
by the administration of calomel, alkalimzation bv the administra- 
tion of sodium bicarbonate and other alkalis by mouth and sodium 
carbonate m enemas and the rectal implantation of B coh With 
this therapy Libman has succeeded in many cases in diminishing 
the frequency of anginal pain or even abolishing it for long periods 

Nitntes —These are usually the most helpful remedies for the 
alleviation of anginal pam other than that due to coronary throm- 
bosis The nitrites produce vasodilatation as immediatelv evi- 
denced by the well-known flush that follows the administration of 
amyl nitrite or nitroglycerin That the coronary arteries are 
included in the vasodilatation is shown by the findings that (1) they 
increase the outflow from the coronary veins both in the intact 
animal despite fall in aortic pressure (Fran?ois-Franck Schloss“) 
and in the excised heart (Smith, Miller and Graber*®) and (2) they 
dilate rings of the excised coronary artery (Voegtlm and Macht*®) 
Smith®* found m the dog that if an infarct that was not too large 
was produced by ligation of a small coronary branch, the injection 
of mtroglycerm into the left ventricle cleared up the cyanosis of 
the affect^ area On the basis of these findings, it appears highly 
probable that the efficacy of the nitrites m angina pectoris is due 
at least predominantly to coronary diltation It may be that 
the relief of the relative ischemia of the area which produces the 
pam may not result from dilatation of the narrowed branch which 
IS principally responsible and which may be so fibrosed and calcified 
as to be incapable of dilatation, but to an effect on the collaterals 
like that m Smith’s experiments Another factor that mav some- 
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times participate is fall m arterial pressure thereby lessening the 
work of the heart But that this is neither the principal nor a 
constant factor is showm bj the observations of Wayne and Laplace*^ 
who showed that m angina of effort the pressure may return to its 
previous level before nitrites have afforded relief and that after 
relief has been obtained and persists the arterial pressure may 
return to a higher level than when pam was present In sponta 
neous angina I hive repeitcdlj observed complete relief by nitrites 
despite little change in blood pressure Wavne and Laplace describe 
rare instances of increase in anginal pam due to amj 1 nitnte and 
Wood and Wolferth’* mention a patient m whom the drug caused 
preliminary exaggeration with subsequent relief of pain In such 
cases it IS likely that the increase in pulse rate for a time at least 
outweighed the factors of coronary dilatation and fall in blood 
pressure 

As measured bj the effect on the blood pressure Wallace and 
Ringer** find the onset and duration of tlie action of the nitrites in 
common use to be as follows Amyl nitrite (by inhalation) acts 
witlua tea oc fifteen seconds but the action is over within seven 
minutes nitroglycerin starts within a mmutc the total duration 
being about one-balf hour sodium nitrite acts m about five minutes 
and the blood pressure returns to normal m about an hour or two 
erythrol tetranitrate takes about one^half hour to act but the dura 
tion of the effect is about five hours 

Nitroglycerin is usually the most useful form of nitrite for the 
alleviation of an attack of angina pectoris The drug is most often 
taken in tlic form of tablets of gram which are allowed to dis- 
solve under the tongue or mav beswallowed Sometimes T^grain 
suffices while others need ^ grain or more The tablets should 
be fresh inert samples are not rare Or nitrogK cenn may be 
taken m the form of the official 1 per cent alcoholic solution spirits 
of glyceryl trinitrate but this is less convenient The patient 
should be instructed to take a tablet whenever he has an attack 
and to take another if the first does not bring relief If certam 
exercises or excitement whicli the patient must undertal e are known 
to bring on pam he should use nitroglycerin as a prophylactic 
Nitroglycerin taken just before a meal may avert postprandial 
pam In some individuals nitrc^hcenn retains its efficacy for 
years m others the relief of pom gradually becomes less and less 
which IS conceivably due either to habituation to the drug or to 
advance of the process m the coronary arteries 

The inhalation of amvl mtnte la also widely used for relief of 
angina The drug is obtained m pearls contaimng about 3 minims 
which are crushed m a handkerchief Though amy 1 nitrite acts ev en 
more rapidlv than nitrogly cenn the effect is more transitory IVhile 
amyl nitrite is rarely needed some patients state that it is more 
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efficient m relieving their pain tiian nitroglj cerm Sodium mtrite 
acts more sIo^^Iy and is rarely equal to nitroglj cerm Erjth- 
rol tetranitrate is so slow m its action that it is useful only for 
the prevention of attacks, and I have seen so little benefit and so 
much headache from the drug, which is expensive, tliat I have 
abandoned it 

The undesirable side effects of the nitrites are pounding in the 
head, usually of short duration, and headache, which may be 
annoying but tends to become less with protracted use of the drugs 
There may be famtnes>s, which is less likely to occur when the 
nitrite is taken in the horizontal posture 

Alcohol —Spirituous liquors, as known to Heberden, often relieve 
anginal pain The effect is presumably due to vasodilatation, 
although patients are apt to think that they act on the stomach” 
and ‘ stop gas ” Some obtain quite as good relief though not so 
quickly, from whiskv as from nitrites A drink of whisky before 
retiring may serve as a prophylactic against nocturnal attacks 
I have made considerable use of alcohol as a prophy lactic of anginal 
pam m recent years, fears of habituation are scarcely warrant^ m 
so serious a disease 

Xanthm Denvatives —In recent years various xanthin derivatives 
have been widely used to lessen the frequency and seventy of 
anginal attacks The rationale of their use is the production of 
coronary dilatation m anunal experiments Smith Miller and 
Graber‘* found that while caffein sodio benzoate and tlieobromme 
sodio-salicylate (diuretin) had little effect on the rate of perfusion 
of the coronary arteries of the rabbit, theophyllm, m concentrations 
estimated to be about those attained m human therapeutics, 
produced an increase m coronary flow of from 20 to 45 per 
cent and theophyllm ethylene-diaram (ammophyllm) augmented 
coronary flow from 40 to 90 per cent Fowler, Hurevitz and 
Smith'® have found m the dog that ammophyllm promotes the 
development of the collateral circulation to a myocardial infarct 
Largely on the basis of the earlier of these findings, ammophyllm 
13 now widely used in the treatment of patients with coronary 
artery disease, having largely displaced theobromm theobromm 
calcium salicylate (^eocalcm), and other xanthm derivatives 
Ammophyllm is prescribed m doses of 0 1 to 0 2 gram tliree times 
daily Jlost patients take ammophyllm for months without diffi- 
culty, while others develop gastric symptoms The latter may 
sometunes be av oided by omitting the drug one or two day s w eekly 
Clinical observations by Marvin,** Musser,*® Smith,®* Gilbert and 
Kerr,®' and Smith, Rathe and Paul** indicate that m arteriosclerotic 
heart disease xanthm derivatives may not only ameliorate anginal 
pam but also improve the efficiency of the heart Recently Levy, 
Brueiin and Williams”* have found that ammophyllm prolongs the 
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time before tlie appearance of auginal pam induced bj anoxemia in 
imlniduals with coronary sclerosis On the otlier hand Wajnc 
and Laplace” found m Uieir experiments on tlie angina of elfort 
tint the administration of auimopliylhn by moutli did nut impro\ e 
tlie exercise tolerance and did so following mtrivenous injection in 
only 2 of 4 subjects and then to a much less extent than did 
mtroglj cerin bj mouth Gold Kwit and Otto** gave 9 to 12 grains 
of amuioplij llin dailv to 100 anibul mt patients w ith angina pcctons 
tlicj found th It this medication h ul no more effect on the pain 
til in did u placebo Ihe writer lias the impression th it altliough 
some patients state that the} have less pain while taking amino* 
phjlliii tlie effect is rarely striking and the advantages derived 
from the long continued adininistratioii of the drug h iv e prob ibl\ 
been ex iggerated m reeciit j tars 

Sedatives —Manj patients vvitli unginal pim ire high strung 
\nd even m tlie placid tlie use of mild sedatives in the effort to 
merevse tlie llireshold of jiain is probiblv often idv antagexms 
I’henobarbitil chlord iiid bromide and even e-odem when pain is 
more severe euiitribute to tlie comfort of the patient In those 
who irc up ami about despite octasiuiiil anginal pain the admmis 
tration of a cijisule cootaming mtrogI> eerin und pheiiubarbital 
after eadi meal often seems to m ike the pain less frequent especially 
when tlie I itter is postprandial 

Alam otlier varieties of medic ition have been recommended fur 
angina pectoris but hue uot witlistood the test of experience 
Vtropiivc espceiallj has I een advocated m v anous forms and com 
binations but despite the fact that there is good evidence tliat 
vagal stimulation constricts the coronary arteries seems to be of 
little if any value In recent years a number of tissue extracts 
eontaimng vasodilator principles— some of vvliich have been digni 
fied vvitli the title circulatorv liorinone —have been thought to 
be helpful in angina pectoris Some of tliese extracts arc prepared 
from skeletal muscle others from heart muscle Another siinihr 
extr ict 13 prepared from the urine but the activ e principle is sup 
posed to be formed by the pancreas I have seen a number of 
ptUeats who have been treated with tliese extracts some of wbicli 
are now commercially available in this country but have not been 
convinced that they haveanv vilue whatever Such activ ity is is 
possessed by at least some of these preparations is due to tlie presence 
of cholm derivatives 

Relief of Angina Fectons by Nerve Section or Paravertebral Block — 
In many patients with angina pectoris the medical measures 
just described sooner or liter become inefficacious or are so from 
the beginning and there is frequent and severe pim The suffering 
mav become so atrocious that the patient is willing to undergo an\ 
procedure and take anv nsk os long as they offer some hope for 
relief of the pain It is for such patients that measures designed to 
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block the transmission of painful sensation from the heart to the 
central ner\ous sjstem have been attempted It has been objected 
to such measures that they remove the “danger signal” which pam 
constitutes and thus subject the patient to the risk of overexertion 
with gra%e consequences Even if sudi is the case, it generally 
constitutes an objection of little moment— at least m the ejes of 
tlie patient— for life is intolerable without relief in tlie tjpe of case 
for which these measures are designed Actually, as IVhite^^ points 
out most of the patients in whom the previous pain is relieved, 
have some other equivalent, as n»ld pam m the opposite side or a 
sinking sensation which warns them of overexertion This was 
well exemplified m a voung mm with the angina of rheumatic aortic 
regurgitation, his paroxj sms of pam were accompanied bj sweating, 
but after paravertebral injection largelj relieved the pam the 
attacks were documented almost soleK b> the sweating 
The suggestion tint angina pectoris might be relieved bv inter- 
ruption of the cervical sympathetic pathways was made m 1891 
by the phv siologist, Fnn^ois Franck •• as a result of investigations 
on the sensorv functions of the cervical sympathetic It was first 
carried out lu 191G by Jonesco ** who relievi^ anginal pam by the 
extensive procedure of bilateral resection of the three cervical and 
first thoncic sympathetic ganglia Later, Coffev and Brown® 
announced good results m angina pectoris bv the much simpler 
operation of resection of only the superior cervical ganglion These 
operations and a variety of others involving resection of svm- 
pathetic nerv es that could be reached through the neck w ere quite 
extensively used But it soon became evident that in addition to 
a not inconsiderable operative mortality m the case of the Jontsco 
operation, the procedures were efficacious even temporanlv m only 
a fraction of the cases, and m these the pain often returned in a 
short time Nor were the results obtained by subsequent operators 
as good as those reported by the originators The reason for the 
comparative lack of success of operations on the cervical sym- 
pathetic IS evident m the light of present knowledge of the course 
ol the sensory fibers Irom the heart (.Levy and hloor^'* and Yfhite'*') 
In addition to the afferent impulses from the heart that enter the 
central nervous system through the intermediacy of the cervical 
sympathetic ganglia tJiere are also direct thoracic cardiac nerves 
conv ey mg afferent impulses which run from the posterior cardiac 
plexus to the first to the fifth thoracic ganglia and thence via the 
white rami communicantes and posterior roots into the spinal cord 
It IS thus evident that no operation on the cervical svmpathetic 
can cut off all the sensory impulses from the heart A further 
finding of fundamental importance for the surgical treatment of 
angina pectoris is that the afferent sensory impulses which travel 
in the cardiac nerves to the cervical ganglia then pass down the 
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!>j itipathetic ch uii to enter the bpinal c»rd vm the upper fi\ e thoracic 
ind their rami coiiimunicantcs In other ^\ords all the 
suisory nqmlscs iLill be blcuLed by xntemipiwn of ncrions transinis 
Sion through the upper five thoracic sympaiheixe ganglia uhiie rami 
coniHtu«ira/i/c5 or posterior spinal roots As White puts it tlicse 
arc the foci! points through which nil cardiac pnm must pass 
Unfortunatclj the surgical excision of the upper tlioracic ganglia 
Ins pro\en too liazardous in patients witli severe coronary artery 
disc ISC Wliilt Wliitc secured ncirlj perfect relief of pam on the 
operited side bv tins operation 2 of tJie 4 patients succumbed 
within V luoiitli of the operation 

"Much more fortuiiite results have attended the attempts to 
block the nervous patlmay through the thoracic sj^mpatlictic 
^vnj,lu— so evUed paravertebral block by means of injections 
Ihc first substince used was procain with which Drunii and 
Mindl* obtained relief of anginal i>ain V great advance was the 
intro<luctionofpara\ertcbrd block bj means of alcohol bv SwetJow 
uid bwetlow and Schwartz " The writer had the good fortune to 
be working it Montefiore Hospital with Drs Swctlovv and Schwartz 
It the time and witnessing some of the excellent results which they 
obtaincxl bj the procedure Since then good results have been 
obtamc*d bv others with Svvetlows method In 1031 Levj and 
Moore*‘ reported on 40 cases including 9 of their ow o They state 
that 51 per cent of the patients obtained complete or almost com 
plctc relief improvement was noted in 34 per cent and m 15 per 
cent tlic injection was v failure The technic lias since been furtlier 
developed by Wiite ” to whose monograpli the reader is referred 
for details In 3o piticnts with severe angina m whom \Yhite 
earned out p iravertebral block the following results were obtained 

07 7 per cent were OO to 100 per cent relieved 17 0 per cent were 
50 to 90 per cent reliev ed 6 9 per cent were 25 to 50 per cent rohev ed 

8 8 per cent were failures and 1 patient who was moribund at tlie 
time of injection succumbed AVbite states that m his last 18 cases 
there have been no failures The procedure should have no true 
operative mortalitj The Homers syndrome that occurs is not 
sufficiently troublesome to weigh sigmficantlj against the operation 
the same is true ol the sensory disturbances ol the chest wall 
Ihe most common troublesome complication is pamful intercostal 
neuritis which may last for months Injury to the pleura may 
result in transitory pleuritic pain and rarely pneumothorax or 
effusion I rccentlj saw what was probably a penpleural hematoma 

In manj of tlie cases paravertebral block results m permanent 
relief of angina one of wliite s patients lived for six jears witJiout 
recurrence of left sided angina pectoris In some cases however 
m whom there is initial success the pam later recurs this may be 
due to incomplete destruction of the pathwajs by the injection 
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Occasionally, right sided pain becomes more prominent after left- 
sided injection stops tlie pain on the left side 

It should be remembered that paravertebral injection is purely 
a treatment for cardiac pain, it does not m an> avay interfere ivitli 
the usually progressive underlying process Even though the 
patients are completely relieved of their pain, coronaiy thrombosis 
or other events m the natural history of coronary artery disease may 
occur, and there is no reason to assume that life is prolonged by 
the procedure Nevertheless, since paravertebral block relieves the 
pain m so considerable i percentage of the cases, and since it is 
attended by so little risk, the procedure is viorthy of a trial when 
angina pectoris fails to yield to purely medical treatment and is so 
severe as to render life unbearable It should be remembered that 
paravertebral block requires a highly developed technic and good 
results will probably not be obtained by an me-xpenenced operator 
This IS presumably the reason that the results reported by \Miite 
are superior to those of other senes and far better than the cases 
I have seen NotwithsUndmg a number of complete failures that 
I have witnessed, given one who is skilled m the injection, the 
vvTiter feels on the basis of some comparatively successful cases that 
he has seen that paravertebral block is a valuable measure in many 
patients with angina, and will be more widely used than it is at 
present 

Section of Efleient Fibers —On the assumption that coronary 
constriction produced by impulses traversing the efferent sympa- 
thetic fibers IS concerned m the production of the anginal seizure, 
Raney** has recently advocated the treatment of angina pectoris 
by section of efferent preganglionic sympathetic pathways to the 
heart He does this by extrapleural exposure of the left sy mpathetic 
chain from the second to the fifth dorsal ganglia, the corresponding 
rami commumcantes are then sectioned and the sympathetic chain 
cut between the fifth and sixth dorsal ganglia By this procedure, 
Raney obtained complete relief from attacks in the 11 patients on 
whom he operated I have had no experience with the procedure 

Total Thyroidectomy and RovasculanzaUon of the Heart —These 
ultimate refuges m the treatment of angina are discussed on page 743 
and page 785 

Coronary Thrombosis —Because of the frequent predominance 
of shock m the clmical picture, coronary thrombosis presents a 
therapeutic problem almost unique among the diseases of the heart 
In many instances, especially initial attacks m individuals without 
pre-existent heart failure, it is judiaous to treat the victim as a 
sufferer from shock with only secondary attention, for the tune being, 
to the question of the underlying cardiac failure 

Immediate Measures — Almost always, the patient has already 
taken to bed by the time the physician arrives But now and then 
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one encounters an individual— usually one of the hyposensitues of 
Libman’’— ■nitli massive mjocanlial infarction who does not feel 
sick enough to go to bed and tequitcs persuasion If the condi 
tion IS critical it maj be mjudicious to mov e the patient unless he 
13 on the street and sometimes he should not even be disturbed by 
undressing If the victim is in shock and the extremities are cold 
or if there is u chill he should be kept warm Manj of the patients 
breathe eisiK with one pillow others require to be propped up 
when there is sjneope due to the cerebral ischemn of shock this 
maj be counter'ictexl by keeping tlic head flat To assure rest 
all but the attend lilts diould leave the room and none but indis- 
pensable eliminations are to be carried out 

In tile vast majority of cases pam is tJic chief complaint For 
this I gram of morphine sulphate should he administered subcu 
tancouslj If the first mjeetion does not relieve the pain it should 
be repeated in twentj minutes It be necessary to give a 
full gram of morphine withm a few hours Enough is to be given 
to relieve tlie pain borne advocate initial J gram doses but i gram 
13 usually sufficient It should be remembered that excessive doscs 
of morphine may depress respiration sufficiently to favor pulmonary 
atelectasis and secondary broncliopncumoma They may also 
augment tlie nausea and v omiting which so often occurs Morphine 
not only relieves pam vvitli its pressor reflexes but also dyspnea if 
tins 13 present and secures peace of mind ind sleep Furthermore 
tlicre IS ev ideiice (Cppingcr cl al **) that under the influence of mor 
phine a smaller cardiac output is required and the resultant duninu 
tion m the work of Uie heart may be of paramount unportance 

Nitrites should not be given They usually have no effect on 
the pain and the increase m the volume of the vascular bed due to 
vasodilatation scarcely seems desirable m a state of shock The 
slow intraxeuous injection of Oo gram of nminophyllm may relieve 
pam where morphine has failed In expenmentalh produced mvo 
cardial infarction m the dog Smith*^ and his associates found that 
ammopbyllin improves the collateral circulation to the mfarcted 
area 

V measure that is of the utmost value m many cases of coronan 
thrombosis is the admimstration of higli concentrations of oxvgen 
the V alue of which w as pointed out especially by Levy and Barach 
For patients without a severe choical picture oxygen is of course 
not required and constitutes a needless exjiense But m manv 
critical cases oxygen appears to be life-saving It is indicated when 
there is cyanosis or dyspnea and especiallv m tlie presence of well 
marked congestion or edema of the lui^ Oxygen generally clears 
up the cyanosis and greatly diminishes or relieves the dyspnea 
It often decreases the cardiac pam so tluit less morphine is needed 
Often tlie previously restless patient drops off to sleep soon after 
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being put in the oxj gen tent Hie pulse ma> be slow er and the other 
sjgm of circulator) failure improve The great value of 0 x 3 gen is 
often evidenced by reappearance of Qanosis, djspnea, restlessness, 
and even pain when the tent is removed In some cases oxjgen is 
no longer needed after a day or two, while other patients with pro- 
tracted pulmonary engorgement are best kept in the tent for w eeks 
The best method for the administration of oxjgen in patients with 
coronary thrombosis, apart from the few institutions with oxj gen 
chambers, is the oxjgen tent or mask If these are not available, 
the nasal catheter is also of great benefit The concentration of oxj - 
gen in the tent should generally be kept about 50 per cent Future 
observation may reveal 100 per cent oi^gen to be of great value 
It is especially important m coronary ^rombosis tliat the tent 
should not be too cold, for this increases the work of the heart 
In the first day s of severe coronary thrombosis, the patient should 
be given only fluids by mouth, administered very slowly by the 
nurse If orange juice or milk increase abdominal distention, as 
they sometimes do, they should be discontinued Because of the 
profuse sweating, fever, and perhaps vomiting, the thirst of the 
patient may be so great that considerable amounts of fluid are 
needed But on the principle of avoiding as much activity as 
possible, the smallest amount of fluid feasible should be given m 
the first days of major attacks In some cases vomiting due to 
the cardiac legion or to morphine makes it difficult to give fluid by 
mouth If tlie vomiting persists physiological solution of sodium 
chloride may have to be given imder the skin with as little dis- 
turbance to the patient as possible Large intravenous infusions 
would seem to be contraindicated because of the danger of pulmo- 
nary edema A rectal dnp is usually unsuccessful 
The morphine generally results in constipation It is well that 
the patient should not be disturbed to move his bow els during the 
first two or three days, especially if distention does not develop, 
straining at stool is dangerous After the third day a small enema 
or low irrigation may be given but it should be earned out with the 
least possible disturbance to the patient, fatal collapse during an 
enema occurred m a patient who previously seemed to be doing 
well After the first few* days, mild laxatives are usually advisable 
Distention is often a troublesome symptom m coronary throm- 
bosis, it may be partially due to morphine, but also occurs without 
the latter, perhaps as a result of a reflex from the heart A rectal 
tube may afford some relief If not, small enemas with turpentine 
may be attempted cautiously I have seen pituitrm and prostigmin 
ustd successfully for the tyunpamtes of coronary thrombosis, but 
this would appear to be dangerous because of the pressor effect 
Embolization of mural tbrombi from the endocardial surface of 
the infarct constitutes a danger m the second and third w eeks against 
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v\hich the physician has been helple^ Best* has suggested tliat 
the intravenous administration of heparin maj prevent the forma 
tion ot such mural thrombi and the uctension of Vascular tlirora 
bosis The value of this procedure remains to be demonstrated 

Early Emergencies —Certain emergencies maj occur at any time 
from tlic very onset of coronary thrombosis Of these the most 
common is profound a/ioct the cjacosw becomes ashy, the pulse 
tliready or imperceptible, the systolic blood pressure falls below 
SO mm , and death from inadequate cardiac output seems imminent 
The most useful remedy in such critical situations is epinephrm, of 
which 0 5 or 0 75 mg may be injected subcutaneously On several 
occasions I hav c seen individuals apparently succumbmg to tlie shock 
of coronary thrombosis with impalpable pulse and blood pressure 
not obtainable promptly respond to the injection of epmeplirm and 
survive the attack In less critical situations coramine or caffein 
sodio benzoate may be given subcutaneously or intramuscularly, 
orScc of coramine may be injected mtravenously or intramuscularly 
Marvin” and others have administered hypertonic glucose solution 
(50 or 100 cc of a 50 per cent solution) intravenously in coronary 
thrombosis with good results Ihese fodings harmonize with the 
demonstration by Ginsberg ^ and bis associates Uiat the intravenous 
mjectiou into the intact dog of 50 per cent glucose solution is followed 
by a marked and sustain^ augmentation of coronary blood Bow 
It has also been assumed without proof that tlie sugar improves 
the nutrition of tlie ischemic heart muscle On the other hand the 
injection of tlie hypertomc solution draws Buid into the blood stream 
and thus increases the work of the heart Ellis and Faulkner” 
found that the injection of 100 cc of 50 per cent dextrose in ten 
minutes caused an average nse of 13 per cent in circulating blood 
volume wbicli started to return toward normal in thirty minutes 
Sucli mcrease in blood volume augments tlie work of the heart 
In accord with tins Scherf and Weissberg** found that injection of 
50 cc of 50 per cent dextrose into patients with angina due to coro- 
nary sclerosis was followed by marked electrocardiographic changes 
(depression of T wave and S T interval) and frequently evoked 
cardiac pain, these effects were not observed m normal controls 
I have twice seen violent paroxysmal dyspnea follow hypertonic 
glucose injections m myociudial infarction In tlie light of these 
observations it would seem that great caution should be observed 
m tlie injection of hypertomc solutioia in myocardial infarction 
and they should be confined to patients m profound sliock or with 
menacing pulmonary edema 

Ajiother emergenev tliat arises on rare occasions at the very 
onset of coronary thrombosis is fulminant ‘pulmonary edema due to 
left ventricular failure The patient may succumb before the 
physician arrives If not venesection may prove life-saving An 
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mtra\ enous injection of hypertonic glucose or dextrose solution may 
be of value 

Ventricular tachycardia occurs in rare cases of coronary thrombosis 
and 13 \ery dangerous There is sudden acceleration in the rate 
of the heart According to Levine,” who has studied this dis- 
turbance in mechanism m special detail, ventricular tachycardia 
IS characterized by a rate usuallv between 160 and 220 per minute 
in which, while the rhythm is for the most part regular, there 
are occasional slight interruptions which are accompanied by 
variations m the intensity and quality of the first sound, the rate 
IS uninfluenced by ocular or carotid sinus pressure Levine has 
found that the admmistration of qmnidme sulphate generally 
abolishes the ventricular tachycardia of coronary thrombosis witli 
restoration of regular rhj thm , the doses he required varied betw een 
0 3 and more than 1 gram, starting with the small dose and repeat- 
ing with a larger one every four hours Since reading Levine's 
report, I have also observ ed the abolition of ventricular tachy cardia 
in coronary thrombosis following the administration of qumidine, 
but have failed witli the drug in two other cases, perhaps because 
the maximum dose recommended by him was not given Levine 
has recommended the routine administration in coronary thrombosis 
of 0 2 gram of qumidme sulphate three times daily for two weeks 
as a prophylactic of ventricular tachycardia and fibrillation and 
auricular fibrillation AuricuU^tenlricular block with Stokes-Adams 
sy ndrome is a rare complication of thrombosis of the right coronary 
arten with infarction of the posterior portion of the septum Since 
the syncopal attacks are dangerous, the attempts should be made 
to accelerate the ventricular rate by the subcutaneous injection of 
0 5 or 0 75 mg of epinephrin This may be repeated several times 
if the ventricular rate again falls Auricular Jibnllation or flutter 
may develop during the first days of coronary thrombosis but are 
most often paroxysmal, for which reason quinidine and not digitalis 
IS usually advisable 

Digitalis —The question of the use of digitalis in the first days 
of coronary thrombosis is a moot one At present most physicians 
do not use it In patients with an initial attack of coronarv throm- 
bosis occurrmg in a heart that was prevuously functionally compe- 
tent, digitalis does not seem indicated For in these patients the 
chmeal picture is dominated bv shock, and further decrease in cir- 
culatmg blood volume due to digitalis (page 709) is probably not 
desirable Moreover, digitalis carries with it conceivable dangers 
namely, detachment of panetal thrombi with embolization, rupture 
of the heart as a result of more forceful contraction, and ventricular 
tachycardia or fibrillation as a result of greater irritability of the 
ventricular muscle Whether digitalis really does have these 
untow ard effects is difficult to demonstrate, for all of them may also 
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occur when the drug 13 not administered A well grounded indtca 
tion for digitalis occurs only when coronarj thrombosis results m 
a chmeal picture dominated by heart failure with intense pulmo 
nary engorgement marked swelling of the cervical veins and liver 
and edema This is most often the case when the occlusion occurs 
in a heart tint was previously functionally impaired Digitalis is 
also indic ited m the rare cases in which there is continuous auricular 
fibrillation with heart failure In such piticnts I have repcatedlj 
observed prompt improvement follow digitalization with moderate 
doses But I have been unable to decide whctlier the advantages 
of digitalis m such cases outweigh the possible risks 
Tnsiiltn —A considerable proportion of cases of coronary throm 
bosis occurs m diabetics It is to be strongly emphasized that one 
should be exeecdingly circumspect uith the adminulratwn of ineulin 
tn suck palicnU In Chapter \\I\ it has been seen tliat insulin 
hypoglycemia increases the work of the heart and that the injee 
tion of insulin may be followed in individuals with coronary arterio- 
sclerosis bv anginal pain and perhaps coronary thrombosis Severe 
intensification of the symptoms of coronary thrombosis may follow 
tlve mjecUon of insulm these may go on to a fatal outcome Unless 
therefore progressive ketosis necessitates insulin it should be 
omitted in individuals vvitli coronary thrombosis If insulm must 
be given it should be covered with glucose by a very Urge margin 
no matter how great the glycosuria so that there is no possibility 
of hyTiogly cemia In fact I always endeavor to maintain a hyper 
glyceiuia in the early phases of coronary thrombosis 
Later Management —Following the acute stage of coronary 
thrombosis the patient must be kept m bed for a protracted period 
This apparently aids m the formation of a strong and small scar 
Sultan and Davis*' found that following the production of myo 
cardial infarction in dogs rest resulted in the development of 
a small firm scar while exercise resulted in a thin bulging scar 
The postmortem observations of Mallorv Wiite and Salceilo 
Salgar" indicated that small infarcts are almost completely healed 
ifter five weeks while large infarcts are completely healed or 
undergo no further change after two months A long rest is prob 
ably the more important the younger the individual and the better 
the outcome for we know now that such persons mav have 
manv years of happiness and economic usefulness after even severe 
myocardial infarction While the length of bed rest vanes m 
individual cases it should hardly be less than a month even with 
what seem to be small infarcts With large infarcts a longer dura 
tion of bed rest six weeks or two months is desirable even though 
the patient is asymptomatic During this period the patient is 
advantageously kept on a low calory diet with flmd and salt restric- 
tion (Chapter \\\III) blaster**- has especially emphasized the 
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excellent results to be obtained bj such a regime If the patient is 
obese advantage should be taken of the opportunit> to obtain appro 
pnate reduction in bodj weight If sjmptoms of heart failure are 
present tlie patient is to be treated according to the general principles 
for the management of cardiac insufficiencj detailed in previous 
chapters After the first tjWO or three weeks the possible contra- 
indications to the use of digitalis during tlie acute phase no longer 
appl> and the drug is often verj valuable Mercurial diuretics 
inaj also be exceedingly useful in heart failure following coronary 
thrombosis 

Treatment of Heart Failure m Hypertensive and Arteriosclerotic 
Heart Disease —The treatment of patients with heart failure due 
to coronarj arteriosclerosis with or without hypertension is largely 
symptomatic ^^e do not have at our disposal means for the 
elimination of the underljing hypertension or coronarj arteno 
sclerosis and can do no more than treat the cardiac insufficiency 
m accord with the general principles of the treatment of heart 
failure alreadj outlined Bj the judicious use of bed rest fluid 
salt and caloric restriction and the administration of mercurial 
diuretics and digitalis excellent results are often attained and an 
individual incapacitated by dvspnea edema and the other conse 
quences of heart failure may be restored to economic usefulness for 
often considerable periods of time Details regarding tlie apphea 
tion of these therapeutic measures have been given m previous 
chapters A few words will be added however regarding the 
treatment of left ventricular failure which occurs m uncomplicated 
form moftt commonlj m hjpertensive and arteriosclerotic heart 
disease 

Treatment of Isolated Left Ventncular Failure —A great manj 
patients with coronary arteriosclerosis or hypertension first present 
themselves with and because of left ventricular failure The chief 
complaint is usually djspnea which maj be either exertional or 
m the form of nocturnal paroxvsms of cardiac asthma Examina 
tion raaj rev eal evidences of pulmonary engorgement but sj stemic 
V enous engorgement and its consequences are absent Thenpeuti 
calh a great deal can be done for these patients If their circum 
stances permit thej should be put to bed for a week or two A 
low-calory diet with fluid and salt restriction should be advised 
In fact perhaps the most generallj efficacious method of treatment 
IS to keep the patient on a Karell diet for two or three dajs at the 
start On this regime alone great improvement is frequently noted 
especialK if the patient is obese and loses considerable weight 
It IS m hj*pertensi\ e and arteriosclerotic heart disease that reduction 
of bodj weight is most often of help m alleviating cardiac failure 
However m addition to these measures the administration of digit 
alls IS often of great value This has not alwajs been realized 
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because the patients in question Iu\e regular rhythm and tachj- 
cardia is rarely marked Moreover, the unjustified apprehension 
of tlie administration of digitalis in hypertension (p ige 710) and in 
the presence of coronary arteriosclerosis (page 729) has resulted 
m the withholding of digitalis from many of these patients In 
recent jears, however, it has been quite generally realized that 
digitalis 13 often of great value in left ventricular failure due to 
hypertension and coronary artcTiosdeTosis In a careful study of 
ambulant patients of this tj^ie attending a dispensary , Harrison’* 
and Ins co-workers were able to show that dyspnea was greatly 
ameliorated by the e\liibition of digitalis I have had the same 
experience on numerous occasions Many individuals incapacitated 
from tlicir occupation by exertional dyspnea are enabled to return 
to It by the administration of digitalis Attacks of cardiac asthma 
may also be diminished m frequency or abolished by digitalis 
Some pitients witli left ventricular strain due to hypertension and 
coronary arteriosclerosis take digitalis for years, cessation of tlie 
drug 13 followed by augmentation of dyspnea 

Cardiac Asthma and Acute Pulmonary Bdema —These manifesta- 
tions of left ventricular failure may constitute dilhcult therapeutic 
problems As mentioned in the preceding paragraph, bed rest, 
fluid and silt restriction, and the administration of digitalis are 
often followed by alleviation of cardiac asthma Patients who ore 
subject to paroxysmal nocturnal dyspnea should have a light supper 
with little fluid and refrain from eating or drinking after it, this 
simple measure sometimes relieves cardiac asthma The patient 
should sleep propped up, some sufferers state tliat tlieir attacks 
come on if they slip down Codem before retiring may also be 
helpful Following diuresis produced by mercupunn or salyrgan, 
the patient may be free of cardiac asthma for a time , it w ould appear 
that all measures which dehydrate the bo<Iv militate against par- 
oxvsmal dyspnea If tlie physician is called during the attack, the 
injection of morphine is usually efficacious and tlie patient drops 
off to sleep The intramuscular or intravenous injection of 3 cc 
of coramine may be of notable help m the treatment of paroxj smal 
dyspnea 

If the paroxysm of dyspnea is accompanied by manifest pulmo- 
nary edema, the situation is senous, although many patients survive 
repeated attacks of even massive pulmonary edema Tlie first 
thing to be done is the administration of * gram of morphine 
This IS often spectacularly helpful, the dy spnea, cough and expecto- 
ration cease and the rales gr^ually disappear TOy morphine is 
so often helpful in cardiac asthma and pulmonary edema remains 
to be explained, there is some evidence that the narcotic decreases 
the venous return to the heart which would tend to relieve the 
overloading of the pulmonaiy circuit that is so important in the 
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genesis of the attack If morphine fails venesection should be 
carried out and is sometimes life-saving If the patient is cjanotic 
and oxjgen is available it should be administer^ I have seen the 
cjanosis clear up after a few minutes in the oxvgen tent If the 
patient has not received digitalis the intravenous injection of 
strophanthin or digitalis would seem called for to overcome the 
insufficiency of the left ventndle Good results have been reported 
from the use of these glucosides and I have made what seemed to 
be similar observations witli the intravenous injection of digitalis 
but it IS difficult to be sure of the therapeutic utilitv of a measure in 
pulmonary edema in which spontaneous sudden turns for better 
or worse are common Barach Martin and Eckman' have seen 
prompt clearing up of pu’monaiy edema as a result of positiv e pres- 
sure respiration 

Cheyne Stokes Breathmg —This occurs most commonlv m patients 
with hypertensive and arteriosclerotic heart disease in its terminal 
phases The breathing can usually be rendered regular for a time 
by tlie inhalation of carbon dioxide oxygen tends to dimmish the 
intensity of the apneic and dyspncic phases but rarely renders the 
breathing completely uniform As pointed out by ^ogl ” the 
intravenous injection of 024 gram of ammopbyllm often abolishes 
Chey ne-Stokes breathing for a time although in other cases it fails 
completely However even if one can abolish Chev nc-Stokes 
breathing by any of these procedures it is hardly of aid to the 
patient 

Surgical Treatment o! ArtenoscleroUc Heart Disease —The value 
of thyroidectomy in arteriosclerotic heart disease is discussed m 
Chapter \\\\ 

Recently Beck* has introduced a surgical treatment of arterio- 
sclerotic heart disease including cases m which mvocardnl infarc- 
tion has occurred along new lines The underlving principle of 
Beck s extremely interesting work is the development of a collateral 
circulation to the myocardium by the production of adhesions 
between the heart muscle and the parietal pericardium and the 
pectoralis major muscle He has shown that the resulting collateral 
circulation functions to reduce the myocardial ischemia produced in 
dogs by coronary obstruction With this experimental basis Beck 
has earned out his operation on a considerable number of patients 
with arteriosclerotic heart disease O Shaughnessy “ has attempted 
to attain the same end— revascularization of the heart— by grafting 
the omentum onto the heart—cardio-omentopexy 

Fell and Beck*^ reported their results m 2o patients with arteno 
sclerotic heart disease produang intractable angina pectoris Half 
of the first 12 patients operated succumbed while in the last 13 
after modification of the operation the mortality was reduced to 
154percent thelastQoperationswerewithoutmortality Feiland 
49 
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Beck state that all of tlie 13 patients obsmcd for Ji\e months or 
longer after tlie operation Tverc improved Three of tlie results 
exceeded their expectations one of these patients who had suffered 
from angma for nine j cars was asymptomatic on cv en considerable 
exertion two and a half years after operation OShnughnessy and 
his associates report 5 deaths m 20 patients on whom tliey operited 
all the others were improved six montlis or more after tlie operation 
and most of tlvem were free from symptoms 

The first results of Beck s ingenious and tJieoretically w ell foundal 
procedure would thus appear very promising However furtlier 
observations willi tins typeof operation with which the writer has 
no personal experience must be awaited before its actual value can 
be assessed At present the operation hardlv comes into consider 
ation except in patients w ith angma due to coronary arteriosclerosis 
in whom life under the customary mctliods of treatment has become 
intolerable Peculiarly enough Foil and Beck observed improve- 
ment m his patients withm eight or ten da\s since this is too short 
an interval for significant revascularization interruption of sub- 
epicardial nerv es may be concerned 

STPKIUTIC HEART DISEASE 

Patients with heart failure or angina pectoris due to syphilitic 
heart disease should of course receive ^le general treatment for 
cardiac insufficiency or pain alreadv outlined But m addition— 
or alone if heart failure or angma arc absent— specific antisy philitic 
treatment comes into question The v alue of antiluetic treatment 
in svpbilitic aortitis and its complications his been vartousK 
assess^ in tlie past Soon after the introduction of the arsenicals 
doses of old arsphenamine and tlien of neoarsphenam ne were given 
which are now known to ha\e been too large The result was 
frequent severe reactions and even some fatalities due to rupture 
of the aorta Herxheimer reactions and otJier causes In conse 
quence until the past few years many phvsicians considered the 
arsenical dangerous in luetic heart disease and oUier forms of 
treatment were given in dosage so small as to be of little utility 
In recent years however it has been shown that adequate anti 
syqihilitic treatment notably improves the grave prognosis of luetic 
heart disease and that it carries little risk when affected with 
appropriate caution This point of view has been especially forti 
fied by the excellent studies on laige material of Moore and "Metildie** 
and the collective investigation at various clinics (10 614 patients) 
brought together by Cole and Usilton • 

These investigations have established that cardiov ascular sy philis 
rarely develops in individuals who have been adequately treated in 
the early stages of the disease In fact Cole and Usilton found 
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that “among the patients who were followed from three to twenty 
years, none of the graver forms of cardiovascular syphilis developed 
if treatment had been adequate during the early stages of syphilis ” 
The conclusive evidence of the great value of adequate antisyphilitic 
treatment after the detection of cardiovascular lues brought forw aid 
in the collective investigation summarized by Cole and Usilton is as 
follows 

Uncomplicated Syphlitie Aortitis —The average duration of life 
of patients who died was thirty-four months with inadequate treat- 
ment and eighty-five months with adequate treatment Of those 
inadequately treated, 49 per cent were living and free from symp- 
toms as compared with 63 per cent of those adequately treated 
Cardiovascular lues was the probable cause of death in 7 9 per cent 
of those inadequately treated and m 2 4 per cent of those adequately 
treated 

Syphilitic Aortitis With Aortic Regurgiiaiion —Adequate treat- 
ment after the discovery of the leak increased the average duration 
of life to fifty-five months from the forty months of those inade- 
quately treated Symptomatic relief was obtained m 60 per cent 
of those given adequate treatment and in onl> 80 per cent of those 
given inadequate treatment 

Syphilitic Aortitis With Saccular Aneurysm —Those patients who 
were given large doses of both an arsenical and a heavy metal after 
the detection of the aneuiysm had an average duration of life of 
seventy-five months, while those who had but small doses had an 
average duration of life of only thirty-seven months 

In ^e light of these facts, the value of specific treatment, including 
arsemcals, in s^’philitic heart disease would appear to be established 
However, it cannot be too sUonglj emphasized that one must pro- 
ceed cautiously, else serious reactions and even fatalities will be 
encountered Caution is especially important m patients with 
anginal pains, in whom too intensive treatment may be followed by 
exacerbation of the pam, violent dyspnea, or e\en pulmonary 
edema, some such attacks maj be due to edema or engorgement 
of the aortic wall further narrowing a coronary orifice already 
impinged upon Or Herxheimer reactions may occur That rup- 
ture of the aorta has been known to follow large doses of old arsphen- 
amine was already mentioned Following too intensive treatment, 
Wile** observed what he termed a “therapeutic paradox,’ i e , 
temporary improvement followed by aggravation, which he attrib- 
uted to distortion of the aortic cusps and wall due to rapid changes 

If the patient with luetic aortitis has heart failure, it is probably 
wiser to endeavor to restore compensation by means of bed rest, 
fluid and salt restriction, digitalis, diuretics, etc , before starting 
specific treatment The latter should be initiated by six or eight 
weeks of bismuth or mercury and potassium iodide, starting with 
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smill doses Neoarsphenamme should then be started with a dose 
of 0 05 gnm graduilly increasing with weekly injections to a 
maMmum of about 0 3 or 0 4 gram A course of about 15 injections 
of neoarsphenamme niaj be alternated with a course of heavj metal 
IIow long the treatment is to be continued must be decided in 
accord with the course of eaents m the individual ease for details 
the reader is referred to tJie publications of Moore** and Cole and 
Usilton * Ihe small danger of reaction when one is cautious is 
indicated b> the statistics collected by Cole and Usilton which 
show that in 5313 injections of irscnicals tliere were only 12 severe 
reactions i e 2 25 per 1000 injections 

HYPERTHYROIDISM 

The operative treatment of heart fulure due to hj-perthjroidism 
IS the most satisfactory chapter m the treatment of cardiac msuffi 
ciencj Tins is due to the fact that subtotal thyroidectomy remov es 
the cause of the heart failure— an objective rarely attained m 
the tre.Ument of anj of the otlicr common forms of heart disease 
Even when heart failure is very severe with intense djspnea mas- 
sive edem i and transudates m the serous cavities operation is often 
followed b> prompt and lasting improvement with economic rehabil 
itation In tlie frequent coses in which h>perth>ToidisiD is asso 
ciated with essential hypertension coronary arteriosclerosis or 
valvular defects m the causation of the heart failure the removal 
of the hvpertlijroidism generally results in considerable improve- 
ment Because of the splendid therapeutic results it is important 
that tile phjsicians keep close watdi for the participation of an 
element of hyperthj roidism m obscure cases of cardiac insufficiency 
Heart failure may result from hvperthyroulism m the ibsence of 
evophthalmus psy chomotor unrest and the other classical manifes- 
tations of Grav es disease (Chapter \XM1I) Especially auricular 
fibrillation of obscure genesis is to be suspected of hyperthyroid 
origin and the metabolic rate detenumed 

Operation is almost always indicated for heart disease due to 
hypertliyroidisra It is true that one can generally attain con 
aderable bed rest \ivw a!dswu\vsit5at.vaw wf vuduve 

and m patients witli auncul ir fibrillation or heart failure digitaliza 
tion But this improvement is rarely lasting The same is true 
of irradiation of the thyroid gland The number of thvrocardiacs 
as Lahey** calls tliem whose condition docs not permit operation 
is very small Even tl ose with extreme heart failure can usually be 
brought into a condition in which the nsks of operation arerelativ ely 
slight The small oper itiv e danger and excellent results in com 
petent hands are exemplified by ihe following statistics of Lahey ’ 
Of 120 thyrocardmc'i 5 died during tlie operation and 14 subse- 
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quently Of the 101 alive, 76 had full return of the function enjoj ed 
before the onset of hjqjerthjroidism, 19 remained ^ith persistent 
auricular fibrillation 4 were partially disabled, and 9 completely 
disabled Similar results have been obtained in the cases operated 
upon at Mount Sinai Hospital Restitution of compensation often 
occurs within a few daj s after operation 

Most important is tlie judicious preparation of the th> rocardiac 
for operation The patient is to be kept at complete bed rest in a 
quiet room with avoidance of unpleasant news and exciting com- 
panj , and Lugol’s solution administered in doses of 10 minims three 
times adaj These measures generalJv effect considerable improve- 
ment of the circulation Without iodine, when the metabolic rate 
is high digitalis is generallj of little or no avail and rarely slows 
the ventricular rate much despite the fact that the majority of the 
cases hav e auricular fibrillation But digitalis is a valuable adjuvant 
to iodine in the pre-operative preparation of patients with auricular 
fibrillation or heart failure- This is often demonstrated by furtJier 
slowing of the pulse when a prcviousl> lodinized patient is given 
digitalis The preoperative digiLalization of all patients with 
auricular fibrillation or heart failure thus seems adv isable Needless 
to sa>, the fiuid and sodium chloride intake of the patient with 
heart failure of th> rotoxic origin should be restricted as in other 
forms of cardiac insufiiciency But since most of the patients have 
lost weight, and the metabolic rate is elevated, the calorie value of 
the diet should be high and the protein ration adequate to prevent 
a negative nitrogen balance and permit the replacement of bodj 
protein that has previously been burned If there is edema, mer- 
curial diuretics may be valuable But m view of the importance 
of dehj dration m tlie pathogenesis of surgical shock one should be 
careful not to cause too great a loss of fluid and salt this is espe- 
ciallj to be feared in hjperthjroidism where perspiration may be 
profuse Adequate sedation with chloral and bromide phenol- 
barbital, etc is particularly important in the tlij rocardiac patient 
Prior to operation the administration of quinidine to patients 
with auricular fibrillation is generally inadvisable, it rarely restores 
normal rhythm and may cause toxic reactions In a considerable 
proportion of the cases, sinus rhythm returns spontaneously within 
a few day s after operation If the rhytlim does not become normal 
withm a week after operation, qmmdine should be administered 
(page 752), and is often succe^ul The operation sometimes 
precipitates auricular fibrillation, but this is usually transient 
General anesthesia does not seem to add to the risk of the opera- 
tion and IS usually preferable Most often, subtotal thy roidectomy 
can be performed in a single operation, but occasionally a two-stage 
operation is judicious LahQ advise that tlie more severely ill 
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thyrocardiacs be anesthetized and operated upon in the upright 
position For these and other surgical details, the reader is referred 
to the papers of Lahey 

CmCULATORY FAILURE m DIPHTHERIA 

The chief danger to life m diphtheria is circulatory failure In 
the vast majority of instances, ^is can be forestalled by the early 
and adequate injection of antitoxin However, tJie protection is 
not absolute, on rare occasions, fatal circulatory failure has occurred 
despite enormous doses of antitoxin on the first day Precautions 
against circulatory failure should therefore be taken even though 
antitoxin has been given It seems probable that myocarditis 
occurs in almost all, if not all, severe cases of diphtheria, and is 
especially likely to be severe in patients with nervous or renal 
involvement Cardiac implication probably also takes place m a 
considerable percentage of seemingly mild cases of diphtheria For 
tins reason it seems wise ev en m mild cases to keep the child recum- 
bent m bed for a week after the membrane has cleared, in severe 
infections tlie rest should be longer and any abrupt movement 
avoided The occurrence of vomiting may forewarn of circulatory 
failure and calls for absolute rest in recumbent posture If the 
patients are carefully watched death from circulatory failure will 
seldom come as a complete surprise Significant my ocardial lesions 
m diphtheria are almost always documented in the electrocardio- 
gram such a tracing should be made if feasible, and protracted 
rest enforced if changes are present 

Once circulatory failure has set m, the results of treatment are 
most often not striking and the mortality is high This is perhaps 
due m some part to the fact that both cardiac and peripheral circu- 
latory failure are present The principal reason, how ever is that the 
severity of the myocardial damage in diphtheria is rarely duplicated 
in other circumstances The administration of digitalis comes into 
question only m patients with swelling of the liver and other evi 
dences of severe heart failure, and even here the desirability of the 
glucosides IS more than doubtful Although it has been claimed that 
digitalis has some protecting effect against diphtheria toxin m the 
gumea-pig, this has not been found to be the case in the cat and 
dog Likewise, while some pediatricians of w ide experience find that 
digitalis 13 of striking benefit m many instances of diphtheritic 
myocarditis, others have the contraiy experience In view of the 
frequency with which diphtheritic heart disease is manifested by 
intraventricular, bimdle-branch, or auriculo-ventricular block, the 
administration of digitalis calls for great caution The experi- 
mental observations of Edmunds" and his associates indicate that 
digitalis may readily aggravate block m the diphtheria heart The 
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administration of hj'pertonic glucose solution lias been reported to 
jield excellent results in tlie curculator> failure of diphtheria, while 
the solution has been thought to affect fa\orablv the mjocardial 
disease, it seems plausible that the chief \ alue is to combat the ele- 
ment of peripheral circulatory failure On the basis of the theoiy 
that damage to the adrenal cortex is concerned m the circulatory 
failure of diphtheria, the injection of cortical extract has been recom- 
mended and good results reported, but further ev idence is required 
before the efficacj of this treatment can be accepted 

ADHESIVE MEDIASTINO-PERICARDITIS AND CONSTRICTIVE 
PERICARDITIS 

In the \ast majoritj of these cases, the therapeutic procedures 
that help m other forms of heart failure are of little or no utility 
Usuallj , despite bed rest, 6uid and salt restriction diuretics, and 
digitalis, ascites accumulates and one must resort to repeated para- 
centesis of the abdomen 

In recent jears, the entire outlook has been changed b> the 
development of the surgical treatment of the conditions Depend- 
ing on the nature of the pericardial lesions, tvso t>pes of operation 
are carried out 

1 Resection of the precordial portions of sev eral ribs the so-called 
cardioljsis of Brauer ‘ This operation ma> be of considerable aid 
m the rare cases m which mediastino-pericarditis results m firm 
adhesions of the heart to the chest wall so that with each systole 
the heart must pull in the bony thorax and thus perform greatlj 
increased work In these cases the heart is enormous and pro- 
nounced sj stohe retractions are present The resection of the ribs 
diminishes the work necessarj to pull m the chest wall with each 
sj stole and thus tends to help the heart failure It is to be repeated 
that cases of this tj-pe, and consequently the indications for the 
Brauer operation, are extremely rare 

2 Resection of as much as feasible of the thickened and sometimes 
calcified pericardium, decortication of the heart, an operation sug- 
gested by Delorme “ This operation is indicated in constrictive 
pericarditis, i e , the condition in which thickening and shrinking 
of the pericardium results m compression of the heart with limita- 
tion m the amplitude of diastole and sometimes constriction of the 
great veins In these patients the heart is characteristically not 
much enlarged, indeed, the cardiac silhouette may appear small 
Constrictive pericarditis, and consequently the indication for the 
Delorme operation is much less rare than is the preceding group of 
cases In skilled hands, the results of the operative treatment of 
constnctiv e pericarditis hav e been excellent, especially ^ hen v lew ed 
in the light of the prev lously hopeless prognosis Thus, of 10 cases 
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TREATMENT OF THE INDIVIDUAL DISEASES 


Studied by White” and operated on bj Churchill, 0 \\ere completelj 
cured and 1 relieved to a high degrw However, it must be remem- 
bered that the procedure has an operative mortalitj, and that it 
should be done onlj by a highly sldlful surgeon For details con- 
cerning the operation, the reader is referred to tlie publications of 
Beck* and White *'* 
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CHAPTER XXXVIII 


TRCAXaiLNT OF PEIIIPIIEIIAL CUICULATORY FAILURE 
AND SHOCK 

In Chapter XXXII it has been seen tliat tlic common denominator 
q[ the different forms of peripheral circulatory failure is a deficient 
venous return to the heart The cutting down of tlie \ enous return 
apparently most often results from decrease m the ratio of the volume 
of blood m active circulation to the capacity of the vascular bed, 
due to either diminution m tlic former or increase m the latter 
In the effort to rectify tins disproportion, two obvious paths have 
been pursued 

1 The administration of fluids dcsigucd to augment the volume 
of blood m activ e circulation 

2 The cxliibition of vasoconstnetor drugs in tlie effort to dimmish 
tlie capacity of tlie vascular bed 

THE ADMINISTRATION OF FLUIDS 

The admiubtration of fluids is almost ahvavs colled for in shock 
and yields splendid results in many forms This is especially true 
since tlic technic of slow and protracted intravenous infusion— 
phlebocljsis or intravenous dnp— has been developed The pri- 
mary objectives m the treatment of shock by the administration of 
fiuids are as follows 

1 To increase the volume of blood in actiie circulation This 
may be accomplished by the direct or mdirect introduction of fluid 
into the blood stream, or by the mjection of hypertonic or colloidal 
solutions into the blood, which, through their osmotic pressure 
draw tissue fluid into the circulation A further desideratum is 
that the increase m circulating blood volume thus attained be main- 
tained This is important, though often dilBcult to achieve, because 
tlie mechanisms which ongmally produced the decrease in circulating 
blood volume continue to operate 

2 To alleviate dehydration of the tissues The three great 
fluid compartments of the body— the circulating plasma, the mter- 
cellular fluid, and Uie intracdlular fluid— communicate witli one 
another, and changes in any one may influence the others Often, 
very large volumes of fluid are required to replemsh the lost water 
content of the cells and the intercellular spaces 

3 To replenish salts which have been lost, the fluid administered 
serves as a vehicle for the electrolytes m question hlost often, 
dehydration and diminished blood volume are secondary to loss of 

(7M) 
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electrolyte, and water can be fixed m the organism only if the neces- 
sary skeleton of electrolytes is built up How large a quantity of 
salts may be required is mdicated by DarrowV^ estimate that m 
marked dehydration about one thud of the extracellular electrolyte 
13 lost 

4 To rectify the biochemical disturbances which are usually 
present, notably those in which change in the composition of the 
blood 13 concerned For example, m hemorrhagic shock transfusion 
of blood IS superior to infusion of salt solution because, among other 
reasons, it augments the decreased ox>gen-carrying capacity of the 
blood Similarly, m the circulatory collapse of diabetic acidosis 
the infusion of base tends to correct the disturbance in acid-base 
equilibrium 

5 To furnish food by means of glucose infusions where an under- 
nourished individual can take it b> no other route However, it is 
to be emphasized that only very exceptionally is the caloric value 
of a glucose infusion a significant consideration, although its anti- 
ketogemc and protein-sparing properties, as well as the protection 
of the liv er through replenishment of an exhausted gl> cogen reserv e, 
may be important 

The principal forms of fluid which are used to attain these objec- 
tives are the follow mg 

Blood -^Transfusion of blood has long been recognized as a 
valuable measure m the treatment of shock In hemorrhagic shock, 
of course, the indication for transfusion and the rationale of its 
usual success if the bleeding stops are obvious In forms of shock 
other than that due to hemorrhage, transfusion likewise often 
results in prompt unprov ement, including rise in the depressed blood 
pressure The beneficial effects of blood transfusion in shock m 
which there is no decrease m the red cell count is doubtless due to 
increase m circulating blood volume However, m many forms of 
peripheral circulatory failure due to dchjdration and salt depletion 
(vomiting, diabetic acidosis, etc ), it is usually impossible to trans- 
fuse enough blood to alleviate the dehjdration and salt deficiency 
In such cases, while transfusion may be a valuable adjuvant, the 
principal part m restoring the fluid and salt content of the organism 
13 accomplished by the administration of the saline solutions to be 
mention^ m the following paragraphs Salt solutions or plasma 
rather than blood are called for especially in those cases in which 
dehydration has resulted in an increase in the red cell count (and 
sometimes m the concentration of plasma protem), for m these cases 
the decrease m circulating blood volume is due entirely to dimmution 
in plasma volume 

Human Serum — ^lost forms of oligemic shock, mcluding massive 
hemorrhage, are due almost entirely to decrease in blood volume and 
little or not at all to decrease in the oi^gen-carrymg capacity of the 
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blood. It might therefore be anticipated tliat human plasma or 
serum nould function almost os well hole blood in tlie immediate 
treatment of oligemic shock Recentlj, Le\inson*“ and his associ- 
ates ha\e shown that tins is actually the case They produced 
secondary sliock m dogs by repeated bleeding and found that the 
intravenous injection of blood scrum reheved the shock practically 
as well as whole blood ind far better tlnn cr> stallotdal solutions 
In a few instances of shock in humans, Levinson et at , obtained 
excellent results paralleling those in the anmul cxiienments Because 
typing IS not necHlcd and because of the case of storage and handling, 
it would seem likely that infusions of scrum will have a large place 
111 the emergencj treatment of shock, particularly In war Human 
serum concentrated bj theljophileproecss (vacuum dehv dratiou at 
Ion temperature), uliich is available is t ponder, lu t} proveto be 
especiallj useful in treating hetnorrh igic and other fonns of shock 
m the emergencies of war Unfortunately, it is expensive 

Sodium Ghlondd Solutions —In most forms of peripheral circula- 
tory failure with shock, the administration of sodium chloride solu- 
tion 13 a valuable measure Tins is cspecull) true where dehydra- 
tion has occurred Under these circumstances, the salt solution 
tends rapidlv to leave the blood stream and replenish the water 
content of tlie* cxsiccatcvl tissues and after tins has been accom- 
phshexl to augment tlic circulating blood volume— the desired objec- 
tives in shock due to dchydrition As has been seen in Chapter 
XXXII, in some of the common fonns of shock dehv dnvtion is secon 
dary to depletion of the dectrolv tes, esjieciallv of the fixed base, of 
the organism, the idmmistration of sodium chloride tends to remedy 
this deficient} 

Patients in shock rarely can take fluids by mouth or rectum 
For this reason sodium chloride solution is gcncrallv administered 
to such individuals either subcutaneouslv or intravenously, to 
infants, it is sometimes given intrapentoncally When the circula- 
tion 13 deeply depressed, absorption from the subcutaneous tissues 
IS poor and the intravenous route must be used The solution is 
most often given in the form of physiological or isotonic (0 85 per 
cent) solution of sodium chloride The amount of solution and 
speed of intravenous injection vary vvitli tJie circumstances In 
grave emergencies vvitli very low or unobtainable blood pressure, 

1 liter of salt solution may be given intravenously at a rate of about 
.30 cc per minute, carefully watchmg the pulse and blood pressure, 
and slowing the rate of infusion when these improve Other tlian 
in pressing emergencies tlie intravenom infusion should be given 
slowly , the drip being arranged so tliat between 250 and 500 cc per 
hour arc delivered By sucii slow infusions, one can often advan- 
tageously give dehydrated individuals as much as 3000 or even 4000 
cc daily 



THE AD^f^NISTRATION OF FLUIDS 


797 


Wien these large mt^'l^enous infusions are administered, the 
pulse and blood pressure should be watched carefullj, the lungs 
examined at mter\ als for e\ idences of pulmonary edema, and the 
dependent portions of the body palpated for pitting indicative of 
subcutaneous edema Edema is especiallj liable to develop after 
relativelv small volumes of infusion in chronicallj ill individuals 
with low plasma protein content and in those w ith renal insufficiency 
Since continuous intravenous infusions have become widely used, 
an edematous condition of the viscera is revealed at necropsy bj a 
considerable proportion of patients succumbing on surgical services. 
Jones, Eaton and Wute'* have shown experimentally that in 
animals whose plasma proteins are lowered bj suppuration, under- 
nutrition or other cause edema is readily produced bj intravenous 
infusions thej speak of experimental postoperative edema” 
Another possibilitj that must be borne in mind during large intra- 
venous injections is that of cardiac failure Altschule and Gilligan‘ 
found that when oOO to 1500 cc of ph> siological saline or 5 per cent 
dextrose were injected into normal individuals at a rate of over 20 cc 
per minute the blood v olume venous pressure and velocity of blood 
flow rose and increasem the work of the heart was revealed by arise 
in cardiac output Caughej and Richards’ observ ed that when 1500 
to 2500 cc of normal saline were infused into normals at 50 cc per 
minute, there was little change in venous pressure in cardiacs on 
the contrarj such an infusion produced a marked rise m venous 
pressure Heart failure must therefore be watched for especially 
m individuals with previous cardiac disease But also in those with 
impaired renal function notably when there is previous hyper- 
tension, one must be especially on guard against acute left v entncular 
failure with pulmonary edema I have several times seen a normal 
arterial pressure rise to 150 or IGO inm during the course of an intra 
venous drip in individuals with poor kidney function However, 
apart from instances of previous heart disease hypertension or 
renal insufficiency it seems doubtful that cardiac failure is induced 
by even very large intravenous infusions given at a slow speed 
^Yhen giv mg large intrav enous infusions, the v eins of the neck should 
be watched Swelling of the cervical veins is an indication that the 
circulation is being ov erloaded and calls for slow ing or discontinuance 
of the drip 

In forms of peripheral circulatory failure m which the electrolvte 
content of the body has been severely depleted (c g , protracted 
vomiting diabetic coma following long standing acidosis), hyper- 
tonic solutions of sodium chloride are often adv antageously admin- 
istered and may lead to much more rapid improv ement than the 
isotonic solution Hypertonic salt solutions have been given in 
shock with the object of raising the blood volume and arterial 
pressure by osmotically drawing fluid from tlie tissues into the blood 
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stream However, it is doubtful that much is accomplished along 
these lines for the salt leaves the blood stream rapidly and m many 
forms of shock the tissues arc already dehydrated When the 
latter circumstance obtains, it would appear undesirable to draw 
more fluid from the tissues When hypertonic sodium chloride 
solution IS administered, it should be for the object of replenishing 
the depleted electrolyte, and especially the sodium, content of the 
organism If the injection of the hypertonic solution is carried out 
slowly , the amount of blood destruction is apparently insignificant 
One liter of 2 per cent sodium chloride solution or 300 to 500 cc of 
5 per cent solution may be given and followed by physiological salt 
solution Stronger sodium chloride solutions (10 or e%en 20 per 
cent) have been given, but I have no experience with them 

Ringer's Solution —Because of its closer resemblance to the 
electrolyte pattern of the blood, Uingers solution is extensively 
used m place of sodium chloride solution in the infusion treatment 
of shock That the potassium and calcium contained in Ringer’s 
solution arc of specific value in shock remains to be demonstrated 
Recent work (page G49) sliows that the potassium of Ringer’s 
solution IS undesirable m the shock of Addison’s disease 

Glucose Solutions —Solutions of glucose afford a convement and 
often valuable method of supplying water to the dehydrated organ- 
ism and thus combating shock In addition, dextrose solutions 
may be of value in the following ways 

(а) In the circulatory collapse of diabetic acidosis and other forms 
of ketogenic acidosis the oxidation of the glucose tends to dimmish 
the ketosis 

(б) ^Vhen large quantities of glucose (200 to 300 grams in twenty 
four hours) are given parcnterally the caloric vdue of the sugar 
may be significant in individuals who can take little by other routes 

(c) The oxidation of the glucose tends to spare body protein in 
individuals who take little by mouth and thus militates against the 
azotemia that develops m shock 

(d) In states of undemutrition in which the glycogen reserves of 
the liier have been depleted, the administration of glucose tends to 
replenish these stores and thus probably improves hepatic function 
and protects the liver from further damage 

(e) Glucose infusions are often followed by increase m urinary 
volume This is presumably due to greater renal blood flow result- 
ing from increase in circulating blood volume 

Because of these important advantages, solutions of glucose are 
now very generally admmistered m shock The fact is sometimes 
lost sight of that when depletion of electrolyte is concerned m the 
pathogenesis of shock (e g , m vomiting and m diabetic acidosis) 
the injection of glucose and water alone does not restore the frame- 
work of electrolytes on which the circulating blood volume is mam- 
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tamed (page 643) For this reason, whenever loss of electrolyte 
participates in the causation of shock, sugar solutions alone do not 
suffice and salt must be administered Of course, it may be advan- 
tageous to give both glucose and sodium chloride 
Five per cent glucose solution is approximately isotonic with 
blood and this is the strength most often used for intravenous or 
subcutaneous administration However, if it is desired to inject 
a large amount of sugar to combat undemutntion, ketosis, or liver 
damage, a 10 per cent solution may be used In recent years, 
25 per cent and SO per cent glucose solutions hav e been extensively 
injected in shock The object has sometimes been to draw tissue 
fluid into the blood stream and thus increase the circulating blood 
volume, elevate arterial pressure, and augment urinary volume 
However, the tissues are most often dehydrated in shock and further 
exsiccation would seem undesirable In individuals with heart 
disease care must be exercised in the injection of hypertonic solu- 
tions because of the danger of cardiac strain, which I have several 
times seen m elderly patients with coronary sclerosis, the basis for 
the cardiac strain is indicated by Ellis and Faulkner s‘* finding that 
the intravenous injection of 100 cc of 50 per cent glucose was fol- 
lowed by an average rise of 13 per cent in blood volume within a 
minute of the completion of the injection The writer can see little 
use in shock for the injection of 60 per cent glucose solution apart 
from hypogly cemia and perhaps in some instances of increased intra- 
cranial tension Even in increased intracranial tension, the desir- 
ability of concentrated glucose solutions is not always evident, for 
Masserman” has found that the fall m cerebrospinal fluid pressure 
is followed by a rise above the previous level due to the entrance of 
the glucose into the cerebrospinal fluid The latter objection is 
ov ercome by the use of sucrose 

Fifty per cent solution of sucrose in amounts of 100 to 200 cc 
mtrav enously has also been used in the treatment of shock Such 
injections do increase the blood volume However, this effect is 
transitory and attamed only by further dehydration of the tissues 
The injection of sucrose would thus appear to have little basis in the 
treatment of shock, and m actual practice I have not observed 
benefit 

Alkaline Solutions —Protracted acidosis, through the inter- 
mediacy of loss of fixed base and dehydration, can lead to peripheral 
circulatory failure and shock the outstanding example is the circu- 
latory collapse of diabetic acidosis In other forms of shock, such 
as traumatic shock, the circulatory disturbance may produce acidosis 
(page 624), which then presumably a^ravates the circulatory failure 
and thus produces a viaous In the light of these facts, it is 

not surprising that the admimstration of alkalis has repeatedly 
been recommended as a therapeutic measure when shock is accora- 
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panicil bj icidosis, eitlitr as cause or effect Under tliese circum- 
stmccs, the administration of alkalis maj be of distinct benefit 
In a recent iin estigition, Coonsie'® ind Ins associates found tliat in 
tr lumatic shock in dogs the injection of sodium bicarbonate solution 
produces mucli more rapid rise in arterial pressure and other ev i- 
dences of improvement than docs whole blood, sodium chloride and 
glucose or acacia, the improvement parallels the rise in the pre- 

V louslj depressed carbon dioxide capacity and content of the blood 
In several instances of traumatic shock in man tlie> also witnessed 
remarkable improvement following injection of sodium bicarbonate, 
iltliough in severe cases the improvement was but temporary 

Alkali has been most often idmmistercd in shock m the form of 
sodium bicarbonate Inasmuch us tlic patients in question are 
usu illy unable to take the salt by moutli and rectal administration 
13 most often unsatisf ictorj tlie alkali is generally giv en intraven- 
ously or subcutaneously The intravenous route is usually prefer- 
able an<l IS the onlv one wlicn the circulation is severely depressed 
A frcslily prepared 5 per cent iqucous solution of sodium bicarbonate 
may be given by slow intravenous drip m amounts equal to 0 5 gram 
pepkg bodyweight In acute emergencies whereit is obv lous from 
theKussmaul breathing or is known from tlie low carbon dioxide com- 
bining power of the blood tliat the patient is m severe acidosis a 
10 per cent solution of sodium bicarbonate may be given ^Vhile 
the w ritcr has seen no ill effects from alkalosis due to the injection of 
sodium bicarbonate Hartmann tnd Senn'* point out that tliere may 
be an abrupt swing from uncompensated acidosis to uncompensated 
alkalosis due to the fact that during tlie injection the increase in tlie 
carbonic acid content of the blood due to the production of carbon 
dioxide in tlie tissues and rcdiiccil pulmonarv ventilation is less 
rapid than is die lugiiicntation of the bicarbonate content of the 
blood Because of tins and the dilBculties of preparing sodium bicar 
boiuate solution for intravenous and especiullv subcutaneous injec 
tion Hartmann** has introduced sodium lactate as an alkali for 
intravenous and subcutaneous injection He finds that following the 
intrav enous injection of sodium lactate the lactate is conv erted into 
glucose within one to two hours and the sodium ion liberated 
practically quantitatively, appearing in the body fluids chiefly as 
sodium bicarbonate Hartmann finds that the increase in the carbon 
dioxide content of die blood resulting from the injection of a given 
amount of sodium lactate can be fairly accurately predicted Sodium 
hetate 13 obtained in ampoules containing the molar solution, it 
should be injected in one-sixtU molar solution which is isotofiic 
Most often, It is administered by adding it to sodium chloride or 
Ringer s solution in die intrav enous dnp According to Hartmann 
the injection of GO cc of the one-sixth molar solution per kg body 

VI eight will increase the carbon dioxide content of the blood from 
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25 to 35 \oluraes per cent The commercially a\ai]able ampoules 
of sodium lactate or sodium lactate m Ringer’s solution constitute a 
convenient method of injecting alkali m diabetic coma or shock, 
ivhere it may be required rapidly 

Acacia — ^\Tien solutions of cr>stalloids such as sodium chloride 
or glucose are injected into patients with traumatic shock, there is 
often little effect on the lowered arterial pressure, and the red cell 
count and other evidence do not reveal significant dilution of the 
blood It thus appears that the solution leaves the blood stream 
almost as rapidly as it is injected This is presumably due m part 
to the increased permeability of the capillaries m the traumatized 
area (page 637) To overcome this deficiency, Bayliss* proposed 
that solutions of acacia, a colloid, be injected m traumatic ^ock, 
in the hope that they would not leave the blood stream so rapidly 
and thus accomplish the desired object of elev ating the circulating 
blood volume In the presence of dehydration, acacia does not 
seem indicated for it would tend to draw water from the already 
exsiccated tissues Acacia is generally injected intravenously in 
the form of a 6 per cent solution containing 0 9 per cent of sodium 
chloride, about 1 gram of acacia per kg body weight may be given 
and repeated daily While acacia was us^ considerably during 
and soon after the World War in the treatment of various forms of 
shock, it does not seem to be notably superior to salt solution, and 
IS, of course, not the equal of blood in hemorrhagic shock, so that 
it 13 now little used I have had considerable experience with acacia 
in the treatment of nephrotic edema, and have frequently encoun- 
tered chills and other untoward reactions Acacia may produce liv er 
damage, and Studdiford** has observed fatalities from its use 

VASOCONSTRICTOR DRUGS 

A prion, It might be thought that vasoconstrictor drugs would 
be helpful m shock through diminishing the capacity of the vascular 
bed and thus rectifying the disproportion between the capacity 
and content of the vessels In actual practice, however, these 
drugs are rarely of considerable help The reason for this usual 
inefficacy would seem evident m the numerous forms of secondary 
shock— hemorrhagic, traumatic and postoperative shock, vomiting, 
diabetic coma, etc —m which the peripheral circulatory failure is 
due to decrease in plasma or whole blood \ olume and not to increase 
in the capacity of the vessels As has already been seen (page 631), 
the decrease m circulating blood volume evokes arteriolar constric- 
tion m the extremities and other penpheral parts In consequence, 
the amount of additional vasoconstriction that can be produced by 
drugs 13 less than might be inferred from ammals not in shock, and 
It 13 not surprising that they often have little effect on the depressed 
50 
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'irtenal pressure and other manifestations of peripheral circulatory 
failure 1 heoreticallj , one uould anticipate more benefit from 
vasoconstrictor drugs in the forms of shock— primary traumatic 
shock some forms of circulatorj collapse in the infectious diseases 
spinal anesthesia and some types of fainting— which are due to 
relaxation of the small vessels Actuallj, one docs sometimes sec 
goo<l if transient, effects in such cases 

The drugs most often admimstcred in shock with the intention 
of producing vasoconstriction are the following 

Cpintphnn is the most powerful vasoconstrictor in general use 
It maj be injected subcutaneously or intraniuscularli in doses of 
0 5 to 1 mg when the circulation issevcrelj depressed it should 
be given intravenously m a somewhat smaller dose Epincphnn 
IS often added to an intravenous dnp of salt or dextrose solution, 
the dilution is so liigh that tlic efficiency of this method of adminis- 
tration seems doubtful I have several times seen favorable results 
from several injections daily of epmephnn in pneumoniv and other 
infections It has already been mentioned tJiat epincphnn is of 
help in rare instances of severe shock due to coronary thrombosis 
here it probably acts mostlj os a cardiac stimulant I have often 
given epincphnn in the various forms of shock due to dehvdration 
while there was often a transient nsc m arterial pressure the ulti 
mate course w as liardly influenced except perliaps for some instances 
of diabetic coma Ephednn may be used in place of epmephnn in 
the hope of producing longer lasting though less powerful vaso- 
constriction Hecently ^Mtschule* and his associates have recom 
mended parednne for tiie same purpose They found tliat jnrednne 
has a rather prolonged pressor action with rise m both the systolic 
and diastolic arterial pressures and also elevation in venous pressure, 
tins was due to stimulation of the muscle of tlie small vessels 
The drug had little effect on the heart Altscliule and Gilman* 
found parednne v erj effective m combating fall in blood pressure 
due to spinal anesthesia They used doses of 20 to 30 mg oralh, 
10 to 20 mg intramuscularly or 5 to 10 mg intrav cnouslj hurther 
observations would seem desirable to learn whether parednne is 
preferable to the previously mentioned sy mpathicomimctic amines 
in the treatment of shock 

The posterior lobe of the pituitary gland contains a v asoconstnetor 
principle which may elevate the artciial pressure m shock It may 
be injected intramuscularly cither m the form of the official solution 
of posterior pituitary (05 to 1 cc) or the eqmvalcnt amount of 
pitressm repeated m an hour In my exiierieoce, pituitary extract 
has been much less efficient than epmephnn in elev ating arterial 
pressure in shock 

Caffein is given to a large proportion of patients m shock includ 
mg most of those who seem to be dying The conception is that 
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c'lfTem stimulates the medullarj vasomotor and respiratorj centers 
and increases the accomplishment of the heart The injection of 
caffein is sometimes followed by a small rise in arterial pressure and 
perhaps improvement in the depressed sensorium but the effects 
are rarely more than transitory It should be borne in mind that 
caffein may aggravate restlessness and interfere with sleep Caffein 
IS usually injected intramuscularly, about 0 5 gram of caffein sodium 
benzoate may be given and repeated at intervals of two or three 
hours if necessary If the depression of the circulation is extreme, 
caffein maj be administered by slow intravenous injection 

Camphor 13 often administered to patients in shock as a cardiac 
and vasomotor stimulant About 2 cc of the 10 per cent solution 
in olive oil may be administered intramuscularly Painful indura- 
tions often result I have not seen benefit from the injection of 
camphor, or any significant effect from its more recently introduced 
derivative cardiazol 

Recently, Warfield’* and others have advocated strychnin in the 
treatment of peripheral circulatoiy failure, especially m the acute 
infections Warfield recommends relatively high doses, from ^ to 
yV gram subcutaneously every two or three hours He feels that 
with such dosage strychnin may be hfe-saving m the circulatory 
collapse of infiuenzal pneumonia and other infections Since stry ch- 
nm increases the tone of the skeletal muscles, such success as is 
attained with it is theoretically interesting in the light of Henderson’s 
theory of the role of diminished muscle tone m the pathogenesis of 
shock (page 629) In my small experience, strychnm has produced 
no striking effect but it may be that the dosage was too small 

The drugs just enumerated include most of those which are 
admimster^ to a large proportion of patients dying from any 
cause most often as much for the treatment of the relatives as of 
the patient Of all the only one from which the writer has seen 
pronounced effects m peripheral circulatory failure is epinephrm, 
and that but rarely m forms of penphcral circulatory failure due to 
anhydremia 

ADRENAL CORTICAL HORMONES 

1 or many y ears, under the influence of the hypothesis that many 
forms of shock are due to functional inadequacy of the adrenal cortex, 
attempts have been made to treat shock w ith adrenal cortical prep- 
arations In view of the slight activity of such preparations until 
the past few years it is not surpnsmg that they met with little or 
no success But since the introduction of more active preparations, 
the attempt to treat shock by adrenal cortical preparations has had 
better results Particularly promising is the use of the synthetic 
adrenal cortical hormone, desoi^corticosterone acetate 

In the oligemic forms of shock due to loss of sodium chloride and 
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water, the use of adrenal cortical extracts seems well founded, for 
tliey favor the retention of salt and water in the body, even to the 
extent of producing edema With desox> corticosterone acetate, I 
have been able to make a patient with malignant disease gam 20 
pounds in weight with the development of edema and transudates 
into the pleura and peritoneum Perla*^ and his associates hav e shown 
that in rats and mice treatment of histamme shock with both desoi^ - 
corticosterone acetate and sodium chloride solution is more effective 
than the administration of salt and water alone Finally, m the 
treatment of Addison’s disease with desoxycorticosterone acetate, 
the blood pressure rises not only to normal but often disagreeably 
far above normal, and it seems that this effect on the blood pressure 
does not closelj parillcl the effect on tlie blood volume and maj be 
due to mdependent effect on the tone of the small vessels 
There would thus seem to be ample reason for believing o •prion 
that adrenal cortical hormones miy be of value in the treatment of 
shock Some recent experiences are m accord witli this conception 
Pcrla” and his associates found that tlie preoperative administra- 
tion of desoxycorticosterone acetate together witli considerable 
quantiticsofsaltand watertcodstoprevcntsurgical shock Hagan** 
et al found that desox} corticosterone acetate averts the fall in plasma 
volume which follows anesthesia and operation Fine'* and his co- 
workers observed tliat desoxycorticosterone acetate prevents the 
decrease in plasma volume that results from intestinal obstruction 
In one patient observ cd bj tlie writer, who w as suffering from nausea, 
vomiting and a shock-likc state due to roentgen-ray treatment for 
malignant disease, the administration of desox^ corticosterone acetate 
produced not only water and salt retention but was also followed bj 
disappearance of the nausea and vomiting and great improvement in 
the general condition Unfortunately, desoxj corticosterone acetate 
as usually given by intramuscular injection (5 to 20 mg doses) is 
absorbed rather slowlj For intravenous administration with quick 
action, cortm or other aqueous preparations are needed, and expen- 
sively large quantities are necessary to obtain equal effects Further 
investigation is required to establish to what extent the administra- 
tion of adrenal cortical hormones improves the results obtained in 
the treatment of shock with large quantities of salt or transfusion 
A few observations m this regard by Dr Frank Engel and the 
writer were not conclusiv e 

OTHER MEASURES IN THE TREATMENT OF SHOCK 

Elevation of the foot of the bed tends to aid venous return from 
the lower extremities to the heart and perhaps militates agamst 
cerebral ischemia Warfield** found that in the circulatory failure 
of typhoid fev er, tins simple mewure may slow the rate and increase 
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the volume of the pulse He also found that bandaging the lower 
extremities is of value m shock, the original use of the procedure 
was empirical but a rationale has been afforded by Wollheim’s’* 
observation that it increases the circulating blood volume as much 
as 1 liter The increase in circulating blood volume is presumably 
due to the squeezing out of the capacious blood depots in the skin 
(page 64) and other parts of the lower extremities 

It is customary to attempt to keep patients m shock warm by 
wrapping them in blankets and applying hot-water bottles and 
other heating devices This is undoubtedly a valuable procedure 
for loss of body heat appears to favor shock and cold may predis- 
pose to the development of pneumonia But it should be remem- 
bered that in peripheral circulatory failure cold extremities often 
accompany an elevated internal temperature, as revealed by a 
rectal temperature of 103® F or even more In such cases, the 
coldness of the extremities is at least partly due to the vasocon- 
striction that (page 631) serves a useful purpose by diverting a 
larger portion of the small cardiac output to the more immediately 
vital portions of the body For this reason, it is at least theoreti- 
cally possible that excessive application of heat to the surface of 
the body, through increasing the oxjgen consumption of the super- 
ficial tissues and necessitating increased blood fiow through them, 
may tend to neutralize an important defensive mechanism 

Morphine may be necessary to control restlessness or pain 
However, excessive dosage with its attendant depression of the 
medullary centers is to be carefully avoided m shock, a condition 
in which the final collapse is probably engendered by deficient blood 
flow through these centers 

Oxygen is now adays gu en to a large proportion of patients suc- 
cumbing to shock, especially on surgical services In the presence 
of pneumonia or other pulmonary lesions which produce arterial 
anoxemia oxygen is of course indicated In the absence of pulmo- 
nary lesions, the indication foroxygen is not so clear-cut Apartfrom 
cases with lung changes, the cyanosis of shock is of peripheral origin 
—due Co diminished volume of blootJ flow w iCh consequent increased 
reduction of hemoglobin m tlie capillaries — which might lead one 
to think that the tissue anoxia would not be affected by inhalation 
of high concentrations of oxygen However, it is likely that the 
inhalation of 100 per cent oxygen may raise the arterial oxygen 
pressure to such high levels as to compensate to some extent for the 
diminished blood flow and thus tend to relieve tissue anoxia (c/ 
page 740) 

Finally, it may be mentioned that not only is digitalis not indi- 
cated in peripheral circulatory failure, but would appear to be con- 
traindicated because of its tendency to decrease the circulating 
blood volume (page 709) 



SOG PERIPHERAL ClRCUlATOm PAILURE AND SHOCK 


APPLICATION OP THE FOBEOOINO MEASURES IN INDIVIDUAL 
FORMS OF SHOCK 

Hemorrhagic Shock —Transfusion is the obvious remedy for 
sliock. due to licinorrhagc It should be borne m mind that imme- 
diately after a large hemorrhage before considerable amounts of 
tissue fluid have reentered the blood stream the hemoglobin per 
centage is unaltered Nevertheless the symptoms of sJiock are due 
to the loss of blood witli its entailed decrease m circulating blood 
volume and transfusion is indicated with an urgency proportional 
to the seventy of the drop in arterial pressure and other manifesto 
tions of peripheral circulatory failure \Vlieii hemorrhage occurs 
m previously dehydrated patients as is often tlie case in peptic 
ulcer nitli vomiting transfusion should be supplemented by the 
intravenous administration of sodium chloride solution The latter 
alone is often of great help when transfusion is not feasible in an 
emergency 

Traumatic Shock —In the treatment of secondary shock the task 
jb twofold to prevent further repercussions from the traumatized 
area on the organism and to improve the failing circulation 

The measures called for m the U lumatizetl area w ill not be dis 
cussed here SufEce it to say that it is of the utmost importance to 
ascertain the presence of occult bleeding and to take me.isurc3 to 
stop it m the presence of shock even small losses of blood are 
ominous and account for many deaths The patient should be pro 
tected from cold aud before be is moved further damage to tlie 
tissues with resultant bleeding prevented as far as possible by 
splinting Pam and restlessness call for mor])bine but in the 
presence of a failing circulation large doses of the narcotic are liarm 
ful I have several times seen tins evidenced bv the addition of 
cyanosis to the previous pallor Tlie question of whether the patient 
can tolerate any considerable operative protc*dure before measures 
are taken to improve iJie circulation often calls for nice surgical 
judgment. However, continued loss of blood may necessitate 
intervention despite a critical state Because of the low artenil 
pressure gas oxygen is usually the preferable anesthetic and spinal 
anesthesia is contramdicated 

Efforts to improve the circulation are carried out along the lines 
already described These consist in the administration of flmds 
with Uie object of elevating the circulating blood volume The 
fact that the peripheral vessels are already constricted iccounts for 
the usual lack of benefit from cpinephrm and otlier vasoconstrictmg 
drugs ^Vhere blood has been lost transfusion is called for and 
this 13 often beneficial even m the absence of gross bleeding TOule 
It 13 true that a large portion of sodium chloride and glucose bolutious 
leaves the blood stream qincUy nevertheless enough mav he 
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retained for a sufficient time to ele\ate the arterial tension and 
ameliorate other manifestations of circulatoiy failure ^Vhen the 
shock IS of considerable duration, acidosis often develops, and under 
these circumstances intravenous injection of an alkaline solution 
may be followed by rise m arterial pressure and improvement 
(Coonse et of “) The value of the adrenal cortical preparations 
mentioned abov e remains to be determined 

In pnmarj traumatic shock, and in shock due to spinal anesthesia 
or the perforation of a hollow viscus, the injection of epmephrm is 
called for and sometimes produces a prompt rise m arterial pressure 
It maj be followed by ephedrm 

Surgical Shock —Appreciation of the fundamental pathogenetic 
role of factors tending to decrease the circulating blood volume has 
contributed notablj mrecent>ears to lessen the incidence of surgical 
shock Preliminary to the operation the patient should be supplied 
with ample fluids, parenterally if necessary If vomiting or other 
cause has led to dehydration, this should be remedied as far as 
possible Vigorous catharsis with its attendant dehydration is to 
be av oided IVhile preservation of body heat is, of course impo> 
tant, excessive sweating for long periods while wrapped m hot 
blankets is not desirable It goes without saying that every effort 
IS to be made to minimize the loss of blood and avoid unnecessary 
handling of tissues, for this results in the seeping of remarkably 
large volumes of fluid rich in plasma protein, the conservation of 
which IS so desirable During protracted operations, and especially 
if the patient is dehydrated, it may be wise to administer glucose 
or salt solution by mtravenousdnp, if necessary, citrated blood may 
be given by the same method Following the operation, adequate 
fluids are to be administered Especially Coller* and his associates 
hav e pointed out how large are the quantities of fluid lost during 
and after major operations They estimate that the sick surgical 
patient needs a daily ration of 3500 cc of water (2000 cc to replace 
vaporization and 1500 cc for the formation of urine) plus the 
amount lost by vomiting or discharge and an additional increment 
if dehydration was present before operation If there is vomiting 
diarrhea, or large amounts of discharge, it is important that the 
lost electroly te be replaced by the administration of sodium chloride 
The detail^ studies of Chabanier and Lobo-Onell* indicate that 
postoperativ e shock is almost alway s accompamed by by pochloremia 
(and doubtless, what is more important, by deficiency of base) 
llobineau and Levy’* have found that the intravenous injection of 
hy^jertonic sodium chloride solution (300 to 500 cc of a 4 per cent 
solution daily) for several days after operation serves to lessen the 
incidence of postoperative shock and to improve intestinal motility 
with decrease in distention I have also seen excellent results from 
hypertonic salt solution m postoperative shock, especially where 
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vomiting was concerned However where there is no reason to 
assume great loss of ekctroljtt, the adramistration of excessive 
quantities of salt solution is to be avoided Especiallj where 
nutrition has sulfered witli consequent depression of the plasma 
proteins edema may result from large saline infusions (Jones Eaton 
and TOnte") and with the general popularity of the infusioa treat 
ment of shock is becoming mere isingly common on surgical serv ices 
Collcr’ and his associates have sliown that glucose solution leads to 
less water retention tlian does salt solution But where tliere is 
ictual dehydration especially when manifestations of peripheral 
circulatory failure are present sodium chloride is an important 
element in the treatment If inabilitv to ingest sufficient food 
threatens exliaustion of tlie gly cogen reserve w ith consequent ketosis 
and perhaps liver damage sugar is to be included in the infusion 
When hemorrhage is concern^ in the causation of surgical sliock 
or anemia is present transfusion is called for The possible prophy 
lactic and therapeutic value of adrenal cortical preparations in 
surgical shock is discussed above (page SOI) 

Diabetic Acidosis — Ihrough mechanisms already discussed 
(page 040) diabetic acidosi* may lead to peripheral circulatory 
failure Indeed the sugar and bicarbonate content of die blood 
mav be restored to normal and nevertheless the patient succumb 
with die clinical picture of sliock We have seen that the circula 
tory collapse is apparendy a result of loss of water and electrolytes 
lor this reason even though there is no evidence of circulatory 
failure it is important that large amounts of water and sodium 
chloride be supplied as a measure for the prophylaxis of shock If 
die patient cannot take the water and salt bv mouth it should be 
administered subcutaneously or intravenously 
When evidences of peripheral circulatory failure have appeared 
die necessity for large amounts of water and sodium chloride is 
all the more urgent There can be no doubt that m the past many 
patients with diabetic coma have succumbed because attention was 
concentrated too completely on the correction of the disturbance m 
carbohydrate metabolism by the administration of msulm while 
too little fluid and salt were supplied to overcome the deficiency of 
Wiese substances The development. (A sucb TnandestatiDns as fall 
m arterial pressure cold extremities cyanosis obvious dehydration 
of tlic skin and softness of the eyeballs call for large quantities of 
water and sodium chloride In addition tliere is good reason to 
believe (page 623) diat the o/otemia wlucli so often accompanies 
diabetic coma or may ev en first appear after coma has been reliev ed 
by insulin (McCance and Lawrence**) is a manifestation of deficient 
blood flow through tlie kidn^ due to circulatory failure produced 
by dehydration and salt deficiency In accord with tins conception 
Blum* showed that many instances of ohguna witli resultant azo 
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temia m diabetic coma can be rdieved only by the administration of 
large amounts of sodium chloride 
\Vhen any of these evidences of peripheral circulatory failure 
appear m diabetic acidosis, it is probably wise to administer sodium 
chloride solution intravenously, many of the patients cannot take 
sufficient fluids by mouth or rectum and the circulation may be too 
greatly depressed to permit of sufficiently rapid absorption from 
the subcutaneous tissues Often, excellent results are obtained by 
the administration of physiological salt solution It is frequently 
advantageous to administer 3 or 4 liters of such solution in twenty- 
four hours Five per cent or even more of glucose may be added 
to the salt solution as dictated by the blood sugar and the dosage of 
insulin, the questions of die administration of insulin and glucose 
m diabetic coma will not be discussed But it is to be emphasized 
that when peripheral circulatory failure due to dehydration and 
loas of salt IS present in diabetic acidosis, this cannot be remedied 
by the administration of glucose alone, the lost electrolyte must 
be replaced In some cases with severe depletion of the sodium 
and chloride contents of the blood m which shock is immediately 
threatening, improvement is hastened by the administration of 
hypertonic sodium chloride solution, which is life saving in some 
cases that do not respond to physiological salt solution (Root”) 
Three or four hundred cubic centimeters of 5 per cent sodium 
chloride solution by intravenous drip may produce quick improve- 
ment m the circulation and decrease m azotemia In cases in which 
the acidosis is severe, as evidenced by a carbon dioxide combining 
power of less than 25 volumes per cent alkaline solutions (sodium 
bicarbonate or sodium lactate, see above) sliould be substituted 
for the sodium chloride solution When the carbon dioxide com- 
bining power IS less than 15 volumes per cent the necessity for alkali 
IS very pressing Largely as a result of Joslm s'^ observations the 
admimstration of alkali in diabetic coma was thought to have been 
rendered unnecessary by the introduction of insulin However, 
most recent investigators (Hartmann’* and Baker*) hav e found that 
alkali IS ai value in severe diabetic sctdosis and this has also been 
the experience of the writer The severe acidosis is undoubtedly a 
factor m the production of many instances of peripheral circula- 
tory failure, and its elimination enhances the chances of recovery 
from diabetic coma 

Lawrence'* and Labbe and Boulm'* have found that the intra- 
venous injection of epinephnn is of value in the peripheral circula- 
tory failure of diabetic coma and I have made similar observations 

Addison’s Disease —The peripheral cu-culatory failure charac- 
terizing the crises of Addison’s disease is treated w ith large v olumes 
of sodium chloride solution and cortical extract or desoxy cortico- 
sterone acetate In desperate situations hypertonic sodium chloride 
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solution ancj cortical extract should be injected intravenously Glu- 
cose should also be gi\ en to combat liy^Migly cemia By these meas- 
ures patients who in tlie past would undoubtedly have succumbed 
may be restored to excellent condition and sometimes so maintuned 
for a considerable time But sooner or later the treatment fails. 
It w ould appear tliat commercial preparations v arj w idely in potencv 
—some art entirely without value— and they do not always contain 
all the principles of the suprarenal glind necessary to survival It 
may be, but is not y ct prov en, that the use of desoxy corticosterone 
acetate will remedy tins deficiency In the effort to prevent acute 
tnsts of suprarenal insufficiency the patient should have a diet 
containing a large imount of sodium eldortde and if necessary and 
economically feasible, cortical extract Implantation of pellets 
of desox-y corticosterone acetate by the in^.emou3 method of Thorn ** 
and his associates may prove to be in excellent method of treatment, 
but one must keep watch for llic development of hypertension 
The recent work mentioned on page 049 indicates that the intake 
of potassium should be restricted as far as possible 

Vomiting and Diarrhea —Peripheral circulitory failure due to 
these disturb inccs is effected through tlic mtcrmcdiacv of loss of 
electrolyte liie ntional trcitineut thus includes administration 
of large imounts of sodium chloride solution usually best injected 
intravenously In urgent circumstances, it is usually wise rapidlv 
to replace some of the lost electrolyte by intravenous injection of 
hy'pertonic sodium chloride solution (300 to 400 cc of the 5 per 
cent solution) followed by a continuous intravenous drip of large 
volumes of 5 per cent glucose in physiological salt solution It 
should be remembered that glucose and water alone w ill not rejilace 
the electrolyte lost by vomiting or diarrhea In paralytic ileus, 
the enhancement of intestinal motility by bypertomc salt solution 
may also be of value 

The Acute Infections —It has been seen in prev lous chapters that, 
apart from rheumatic fever and diphtheria circulatory collapse in 
the febrile infections is almost always due to peripheral circulatory 
disturbance and not to cardiac failure The peripheral circulatory 
failure produces tlie clinical picture of shock and its treatment is 
tliat outlined above The intravenous injection of large volumes 
of sodium chloride and glucose solution is often of great value 
If the arterial pressure has fallen, injection of epmcphnn may be 
of aid, as indicated by rise in pressure and amelioration of other 
symptoms of circulatory failure Though so often giv en digitalis 
13 not indicated in the penpberal arculator} failure of the infections. 
This 13 to be emphasized especially in the case of pneumonia In 
pneumoma, quite as well as in the other acute infections cu-culatory 
failure in tliose who enter the diseasewith a healthy heart is almost 
always of peripheral origin (page 0b7) Tor this reason, routine 



REFERENCES 


811 


digitalization of patients mth pneumonia is to be condemned The 
carefully controlled investigation of Wjckoff, Du Bois and Wood- 
ruff*' furnished strong evidence on this point They ga\e digitalis 
to alternate patients with pneumonia, and found that the mortality 
was greater m those who received the glucoside It would thus 
appear that digitalis should be administered only to those patients 
with pneumonia who have antecedent heart disease or who show 
definite evidences of heart failure in the form of engorgement of the 
lesser or greater circulations That pulmonary edema in pneumonia 
IS not due to heart failure and thus does not call for digitalis has 
already been pomted out (page 666) 

Bums.— When shock develops m the first days after widespread 
superficial burns, the evidence is strong that the peripheral circula- 
tory failure is due to decrease in plasma volume consequent on 
inflammatory exudation in the burned area In the subsequent 
course of burns, the factors of secondary infection and the absorp- 
tion of toxic substances may be concerned in the production of 
the clinical picture But in the first da>s the constitutional manifes- 
tations are those provoked by the decrease m plasma volume The 
therapy indicated by this pathogenesis is the administration of 
large volumes of fluid Inasmuch as the chloride content of the 
blood is low, it would appear that sodium chloride solution with or 
without dextrose rather than dextrose solution alone should be 
given Pemck" suggests that as much as 100 cc perkg bodyweight 
should be given each twenty-four hours, usually, the intravenous 
drip IS used The administration of large volumes of salt solution 
often has excellent effects Since the red cell count is usually much 
elevated by the decrease m plasma volume, transfusion, though 
often used, does not appear indicated 
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Anoxemia, cardiac pam and, 417 
effect on heart, 740 
m emphysema, 636 
in heart failure, 129 
jaundice and, 259 
Antenor infarction of heart, 458 
Aorta, pam from, 423 
Aortic reflex, 296 
regurgitation, 463 
arterial pressure, 469 
I artenolar dilatation, 470 

j arteriosclerotic, 466, 473 

I auricular fibrillation, 479 

I capillary pulse, 470 

I compensation, 472 

Corrigan pulse, 469 
decompensation, 473 
dilatation, 4^, 477 
dyspnea, 476 
endocardial pockets, 484 
expenmental, 468 
Flint murmur 478 
functional, 404, 473 
in anemia, 405 
m hypertension 404 
heart in, 467 
Hill’s sign, 471 
hypertrophy, 468, 477 
ID essential hypcitension, 442 
left ventricular failure, 476 
pallor. 471, 477 
pathological anatomy, 463 
penpher^ circulation, 469 
reversal of flow , 470 
rheumatic, 463 
right ventricular failure, 479 
subacute bacterial endocarditis, 
473 

syphilitic, 464 
treatment, 787 
traumatic, 473 
volume of reflux, 467 
stenosis, 4^ 

arterial pressure, 485 
calcific, 481 
compensation, 482 
electrocardiogram, 484 
heart failure, 486 
pam, 483 

pfij-sical signs, 483, 487 
pulse, 484 

Aortitis, rheumatic, 464 
sypbibtic, 464 
prc^osis, 472 
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Aorlitia, syphilitic, treatment, 787 
ArrhytJunjas, heart failure and, 349 
m coronary disease, 452 
Arterial pressure, 70 

angina of aortic regurgitation, 475 
aortic regurgitation, 109 
stenosis, 4S5 

arteriovenous fistula, S70 
bed rest, SO 
cardiac pom, 412 
coronary thrombosis, 81, 450 
diastole, 7S 
digitalis, 710 
edema, SO 
fever, 039 
heart failure, 80 
hemorrhage, C3S, G39 
hypertinsion, 438 
hyperthyroidism, 569 
hypoglycemia, 582 
le/t'Sidcd failure, 429 
lovicr extrenuUes, 471 
mitral stenosis, 521 
myxedema, 590 
luraxysmat ^spnea, 149 
pcncardial eiiusion, 81 
pneumonia, GOO 
Foisseudlo’s larv, 7G 
pulmonary edema, 79 
pulse pressure, 82 
reactions, S3 

regulation m heart failure, 70 
renal engorgement, 80 
right«siucd failure, 520 
shock, 621 

vasomotor center, 70 
venous pressure, 80 
Arteriosclerosis, aortic valve, 466, 473 
mitral valve. 491 
myxedema, 595 
pulmonary, 536, 541 
Arteriosclerotic heart disease, cardiac 
asthma in, 784 

Chcync-Stokcs breatiung, 785 
hypertrophy of heart, 309 
left ventricular failure, 783 
pulmonary edema, 784 
surgical treatment, 785 
treatment, 769, 783 
revascularization of heart, 785 
Arteriovenous difference in heart fail' 
ure, 43 
fistula, 579 
arterial pressure, 579 
blood volume, 581 
circulation, 579 
circidation time, 531 
heart, 580 
local signs, 579 
volume of circulation, 580 
Aschoff body, 340 

Ascites m constrictive pencarditis, 610 
arterial pressure, 80 


Ascites in constrictive pericarditis, 
heart failure, 202 
tapping, 737 

Asthma, bronchial, circulation time, 50 
cardiac See Dyspnea, paroxysmal, 
cerebral, 157 
Athletes, heart m, 307 
“Athletic heart,” 356 
Atropino in cxtrasystolcs, 757 
^ Auncular fihnllation, 350 
I aortic regurgitation, 479 
stenosis, 486 
digitalis. 725, 726, 750 
heart failure, 350 
hyperthyroidism, 573 
output of heart, 351 
p^n, 409 
treatment, 750 
digitalis, 750 
hypcrlliyroidism, 789 
paroxysmal. 753 
duimiiine, 750 
venous pulse. 117 
flutter, heart failure in, 353 
hypertension, 450 
hypcrlliyroidism, 574 
nervous symptoms, 2S2 
treatment, 763 
lesions, rheumatic, 403 
liver pulse, 255 
thrombosis, 519 
calcification, 520 

Auriculo'vciitncular conduction, digi> 
tails and, 709 

Avitaminosis, orthostatic hypertension 
m.59S 

Ayerza’s disease, 541 
Azotemia in diabetic coma, 645 
10 stiock, G24 


B 

Dainbridgb reflex, 295 
Boll Uirombi, 520, C56 
Barium chlonde in heart block, 759 
Basal ractidjoUsm m heart failure, 141 
Beer heart, 314 ' 

Bcriben heart, 596 
Bcmhcim's syndrome, 447 
Bilioiy fistula, shock in, 643 
Bdtrubincmia m heart failure, 253 
Biot breathing, 159 
Blood depots, 61 

intestinal vail, 65 
liver, 65 
skin, 64 
spleen, 62 
m heart failure, 129 
pressure See Arterial pressure 
Tolume, circulating, 01 
Addison’s disease, G4S 
arteriovenous fistula, 5S1 
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Blood volume, circulating, blood de* 
pot«, 61 

bums, 650 I 

compensated heart disease, 73 j 
diabetes, 646 ' 

diarrhea, 644 I 

digitalis, 71, 702 I 

edema, 73 I 

emphysema, 533 
fever, 659 

heart failure, 71, 356 
hemorrhage, 639 I 

histamm, 71 ' 

hjpcrtension, 439 
hypcrthyroidi'^m, 570 
infections, acute, 662 
liver, 65 
methods, 67 
morphmc, 71 

mjocardial infarction, 460 
myxedema, 592 
obesity, 68 

peritonitis, 649 i 

phlebotomy, 741 I 

pneumonia, 660-608 
postoperative shock, 641 
posture, 174 
size of heart, 380 
«plecn, 64 

traumatic shock, 629 
venous pressure, 102 
total, 09 

Bradyearaiac reaction, 581 , 

Brain in heart failure, 276 ' 

Bromsulphalem retention in heart fail- 
ure, 257 

Bronchopneumonia in heart failure, 244 
rheumatic, 245 
BroRTi atrophy, 326 
Bums, shock m, 650 
treatment, 811 j 


C 

Caffein, blood volume and, 71 
m shock, 802 

Calcification of aortic valve, 481 
of mitral valve, 491 
Calcium chloride as diuretic, 787 
content of myocardium, ^3 
Calomel as diuretic, 737 
Camphor m shock, 803 
Capillaries in cardiac hypertrophy, 336 
Capillary dilatation in shock, 633 
permeability m pulmonary edema, 
232 

in shock, 634 
pressure, 192 
edema, 196 
hypertension, 438 
pulmonarv edema, 230 
pulse, 97, 470 


Carbohydrate diet, high, m heart fail- 
ure, 680 

Carbon dioxide exchange in dyspnea, 
124, 131 

periodic breathing and, 167 
retention m emphysema, 533 
Carbon monoxide, myocardial necrosis 
from, 325, 587 

Cardiac asthma See Dy spnea, parox- 
ysmal 

cirrhosis, 252 
index, 35, ^ 
output, 30 

acetylene method, 36 
anemia, 575 

arterio-venous fistula, 579 
auricular fibrillation, 351 
flutfer, 353 

Broemser's formula, 34 
children, 38 

compensatory mechanisms, 45 
constnctive pericarditis, 608 
digitalis, 69ft 711 
direct determination, 35 
emphysema, 38 
ethyl iodide method, 36 
exercise, 32 
fever, 657 
Pick principle, 34 
forei^ gas methods, 35 
heart failure, 37, 39 
exercise, 42 
hypertension, 437 
hyperthyroidism, 661 
hypoglycemia, 
left-sided failure, 428 
measurement, 33 
myxedema, 591 
nitrous oxide method, 36 
normal values, 38 
obesity, 663 

paroxysmal tachycardia, 612 
physical methods, 34 
pneumonia, 663 
postoperative shock, 641 
posture, 176 
pregnancy, 687 
regulation, 31 
shock, 47 

I utilization of blood, 32 

I venous return, 31 

I pam, 408 

alternation and, 413 
anemia, 417, 578 
anoxemia, 417 
j aorta, 423 

I aortic regurgitation, 474 

I stenosis, 483 

arterial pressure, 412 
coronary veins, 421 
distention, 423 
i digitalis, 728 

I electrocardiographic changes, 414 
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Cardiac jiain, ciMtirphnn, -117 
exercise, 110 

cijicrimcntal production, -llS 
heart failure, 420 
hcqics zoster, 412 
hjiioralgcsia, 413 
hjTwrtbyroidisjn, 564 
hjj)ogl>cemia, 417, 681 
meals. 41Q 
nutral atenosw, 507 
injocardiura, 414, 422 
mj xedciiia, 503 
nerve patlmays, 420 
nitrites, 417 
pcncardium, 422 
treatment, 770 
alcohol, 773 
aminophjilin, 773 
amyl nitrite, 772 
icrvical 8>mnalhcctoiny, 776 
"circulation hormone,*' 774 
diet, 770 

crvihrol tctranilrale, 773 
lauman’e metabolic treatment, 
771 

nerve bcclion, 774 
mtnlr«, 771 
nitroglycerin, 773 
nara^crlcbrai block, 774 
test, 770 
sedatives, 74 
tbyToideetomj . 743 
bhock, 053 
clinical picture, 050 
myocardial infarction, 454 
occurrence, 653 
strain, generalized, 5G0 
Cardiogram m allcniation, 85 
Canlio-omenlopcxy, 783 
Cnrdiotachomclcr, 203 
Carditis, rbeumaUc, 339 
Carotid, pressure in paroxysmal tacliy- 
cardLi, 755 

sinus, digitalis and, C04 
syncope, 283 
tachycardia and, 390 
veins and, 93 

Casts, unnaiy, in heart failure, 272 
Cat method, digitalis as-<ay, 715 
Cellular inbllration of heart, 327 
Cerebral blood flow in dyspnea, 135 
orthopnea, 177 
periodic breathing, 109 
ischemia, paroxy'.mal, 277 
Cerebrospinal fluid, 277 
shock, 623 

pre«sure, nghUsided failure, 277 
Cervicial sy mpalhcctomy, cardiac pain, 
775 

Chambers of heart, visualization, 381 
CbejnoStokes breatbuig See Pen- 
odic brcatiiing 

Chills in pulmonary infarction, 241 


Cblonde, urinary, in heart failure, 271 
Cholera, shock in. 003 
Cholesterol, blooil, m heart failure, 257 
Cmchophcn in rheumatic fever, 764 
Circulation quotient, 54 
lime, 40 
anemia, 570 
orni'to-tonguc, 52 
artenovenous fistula, 5S2 
blood %'olumc, ^ 
bronrhtal asthma, 59 
circulatory' failure, 55 
compensated heart disease, 55 
constrictive pericarditis, 009 
coronary thrombosis, 455 
digitalis, 58, 700 
emphysema, 59, 531 
hyjicrtcnsion, 437 440 
hyperthyroidism, 570 
hypodiastolic failure, 57 
left-sided failure, 55, 428 
measurement, 50 
calcium gluconate, 53 
dccholin, 51 
ether, 52 
histamine, 50 
radium C, 50 
saechann, 51 
sodium cyanide, 51 
myxedema, 592 
orthopnea, 1 70 
pocumonia, GCO 
pneumol borax, 50 
pulmonary engorgement, 210 
right-sided failure, 57 
signiGcancc, 53 
volume of ciieulation, 53, 54 
Circulatory failure, concept, 25 
heart sounds, 26 
types, 26 

“Circulatory hormone" in cardiac 
pain, 774 

Cirrhosis of liver, venous pressure, 109 
Click of mitral valve, 515 
Coitus, heart failure, 330 
Compensation of heart, 292 
Conductivity, digitalis cSccts, 695 
Congenital heart disca«c, cyanosis, 1S7 
Con&tncttvc pericarditis, 004 
axcitcs, 610 
circulation time, COO 
clinical picture, 006 
constriction of veins, 003, 011 
cyanosis in, 609 
elTects of, 005 
fixation of heart, 604 
mcarccralion of heart, 604 
kymogram in, 007 
Pick’s sy’ndrome, 607, 609 
pulmonary engorgement, 609 
pulsus paradoxus, 60S 
btiatment, 611 
venous pressure, 609 
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Coramine in djspoea, 784 
Cor boitnum, 316 
Cor pulmonale, acute, 555 
subacute, 545 

Coronatj arteries, rheumatic infection, 
345 

syphilis, 465 

arteno'clerosis, 451 I 

sudden death m, 452 
distention, angina and, 421 
flow , digitalis, 697 
myocardium and, 334 
thrombosis See Myocardial infa»c*| 
tion 

Comgan pulse, 469, 478 
Creatin content of mvocardium, 333 
Cyanose tardive, 188 
Cyanosis, ISO I 

congenital heart disease, 188 I 

constnctive pencarditis, 609 I 

delayed, 188 : 

emphysema, 534 
mitral stenosis, 508 
pancreatic necrosis 6o2 
pathogenesis 182 
pulmonary endarteritis 544 
engorgement, 213 
miarction, 242 
pulmonic stenosis, 553 
right>sided failure, 526 
shock, 180 
tricuspid defects, 548 


D 

Dekydsation mercurials and, 736 
psychoses, 289 
Dc Musset’s sign, 469 
Desoxycorticosteronc in shock, 803 
in Addison’s disease, 810 
Diabetic acidosis, shock in, 644 
treatment, 795 
Diarrhea, shock in, 642 
treatment, 810 
Diastasis, 293 
Diet, cardiac pain, 770 
fluul restnction, 681 
high-carbohydrate, 6S0 
Karrel cure, 678 
low -calory, 678 
salt restriction, 681 
undemutntion, 677 
work of heart, 676 
Digitalis, 693 
administration, 713 
alternation, 89, 7^ 
angina pectoris, 728 
arterial pressure, 710 
auricular fibrillation, 725, 750 
flutter, 753 

auncuio-ventncular block, 724, 758 
^ conduction, 710 
’ 52 


Digitalis, blood volume 71, 703, 709 
carotid smus, 694 
circulation time, 703 
conductivity, 695 
coronary flow, 697 
thrombosis, 781 
cumulation, 685 
diarrhea, 723 
diphtheria, 790 
dosage, 715 
children 720 
efficiency of heart, 711 
Eggteston's dosage, 716 
eleclrocardiogram, 704 
eosmophdia. 725 
etiology of heart disease, 727 
cxtracardiac action, 702 
extrasy stoles, 724, 757 
fatigue of heart, 331, 711 
gastro-iotcstinal symptoms, 722 
hypertension, 728 
hyperthyroidism, 789 
indications, 725 
initial dose, 715 

intravenous administration, 720 
kidneys. 712 
lefUsided failure, 727 
maintenance dose, 70 
myocardial lesions, 685 
myocardium, action on, 693 
nausea 722 
overdosage, 722 
paroxysmal tachycardia, 757 
preparations, 713 
prophylactic use, 729 
rate of heart, 695, 698 
rectal administration, 721 
re^lar rhvthm, 726 
n^t-sided failure, 727 
shock, 727 

sino-auncular block, 724 
node, 7!0 

sinus arrhythmia, 725 
size of heart, 697 
slowing, excessive, 724 
strength of preparations, 714 
tone, 696 
unne, 712 

vagal inhifaitton, 285, 6S3 
valvular defects, 728 
venous pressure, 702, 709 
return, 711 

wntricular fibriljatioii, 725 
visual disturbances, 723 
volume of circulation, 699, 711 
Dilatation of heart, 297 

compensatory nature, 299 
heart-lung preparation, 300 
inflowr tract, 298 
roetabolisol of heart, 302 
myogenous 299, 304 
o^imal, 302 
outflow tract, 298 
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Dilatation of lieart, Starling's lavi, 302 
tone, 305 

tonogenoiu, 299, 304 
utility, 318 
Dilution t«st, 273 
Dimensions of heart, 376 
age, 379 

blood volume, 3S0 
clinical liraitations, 381 
diaphragm, 378 
habitus, 378 
height, 379 
linear, 377 

muscular development, 370 
rate, 3S0 
surface area, 378 
Valsalva experiment, 3S0 
volume, 378 
weight. 379 

Diodmst filling of heart, 3St 
Diphtheria, eirculatory fadure, 5S8 
heart block, S90 
failure, 5S9 
myocarditis, dSS 

peripheral circulatory failure, 3SS 
prognosis, 500 
sequels, 500 
treatment, 790 
Displacemeal of heart, 540 
Diuretics, 733 
acidogcnic salts, 735, 737 
ammonium ddoridc, 737 
calcium chloride, 737 
calomel, 737 

Dreams m cardiac asthma, 155 
Durosics’s sign, 470 
Dysphagia in mitral stenosis, SOS 
Djspnca, exertional, 120 
alkalosis, 133 
alveolar permeability, 124 
anoxemia, 129 
aortic regurgitation, 476 
blood in, 129 

carbon dioxide and, 124, 131. 133 
cerebral blood flow, 135 
consciousness, 138 
constrictive pcncardiUs, COO 
efficiency of respiration, 128 
emph>sema, 531 
hjdrogea-ion concentration, 132 
hyperthyroidism, 565 
lactic acid, 133 
mitral stenosis, 505 
nervous factors, 136 
orthostatic, 552 
oxygen and, 124, 131 
pulmonary endarteritis, 544 
engorgement, 123,212 
factors, 121 
pulmomc stenosis, 552 
respiratory center, 137 
reflexes, 125, 136 
right-sided failure, 629 


Dyspnea, exertional, rigidity of lungs, 
122 

I shallow breathing, 123 
Incuspid defects, 543 
venous blood, 134 
xcotilation, index, 129 
minute volume, 126 
uneven, 123 
vit^ capacity, 127 
VDlume of circulation, 135 
paroxysmal, 147 
aortic regurgitation, 47C 
arterial pressure, 140 
cerebral factors, 156 
cough, 156 
dreams, 155 
edema, 155 
exciting causes, 154 
hypcrnTCulation. 157 
palhc^cncsis, 151 
IKnoiiie breathing, In5 
pulmonary edema, 150 
engorgement, 152 
recumbent posture, 154 
reflex factors, 156 
sleep. 155 
treatment 783 
venous pressure. 149 


E 

CoeuA, 100 

capillary permeability, 198 
pressure, 106 
composition of fluid, 192 
constrictive pericarditis. 610 
drainage, 737 
emphysema. 535 
cxpenmcntal, 193 
palhogrnrsis, 192 
idaxma proteins 197 
postoperative. 797 
serous effusions, 199 
venous obstruction, 194 
rffinency of failing heart 332 
digitalis and, 678 
^or( syndrome, 2S4 
Eggleston's digitalis dosage, 716 
Electrical alternation, 86 
Electrocardiogram See Individual con 
ditions 

digitalis and, 704 
Envbryocardia, 395 

Emphysema, pulmonary See Pulmo- 
naiy emphysema 

Endocarditis, subacute bacterial, 349 
Enlargement of heart, 360 
Eosinophilia, digitalis, 725 
Ephednhe in heart block, 759 
m shock, 802 
Epigastric pulsation, 369 
lEpinephna, coKmary thrombosis, 780 
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Epinephnn, heart block, 758 
shock, 802 
\enoconstriction, 98 
Erythrocyte volume, 68 
Erythrol tetrarutrate, cardiac pam, 773 
Esophagus, compression, 374 
Essenti^ hypertension, 411 
arterial pressure, 438 
blood volume, 439 
capillary pressure, 438 
compensation, 432 
electrocardiogram 434 
heart failure, 439 

aortic regurgitation, 442 
arterial pressure, 441 
coronary arteriosclerosis, 439, 
440 

emphysema, 443 
infections, ^1 
mitral stenosis, 442 
ohesity 442 
overexertion, 441 
hjpertrophy of heart, 431 
left ventricular failure, 443 
pb\ steal findings, 433 
ngnt ventricular failure, 446 

Cemheim'a syndrome, 447 
roentgen findings, 434 
Ethyl iodide method, 36 
En-art’s sign, 739 

Extrasystmes, cardiac pam and, 414 
digitalis, 724 
heart failure, 353 
nervous symptoms, 2S2 
treatment, 757 

F ! 

Fat embolism, 557 ' 

Fatigue of heart, 330 
blood flow, 330 
chemical basis 332 
digitalis, 331, 711 
efficiency, 332 
heart-lung preparation, 331 
hypertrophy, 335 
infections, 237 
oxygen consumption, 332 
phosphocreatin, 334 
Fatty change ui myocardium, 324 
Fetal rhythm, 395 
Fever, arterial pressure, 658 
bloM volume, 659 
circulation, 657 
heart failure, 145 
oxygen utilization, 657 
rate of heart, 658 
volume of circulation, 657 
Fibrosis of heart, 32S 
of lungs, heart failure m, S39 
Fick prmciple, 34 
Fiedler’a myocarditis, 587 
First sound, splitting, 388, 392 » i 


Fixation of heart, 604 
FImt murmur, 478 
Fluid admmistration m shock, 756 
r^tnction in heart failure, 6S1 
Foci of infection in rheumatism, 730 
Fragmentation of myocardium, 329 

Q 

Gallop rhythm, 383 
auncular, 387 
differential diagnosis, 392 
dynamic significance, 391 
exercise, 3^ 
mesodiastohc, 384 
occurrence, 392 
pathogenesis, 386 
presystohe, ^4 
prognostic significance, 394 
protodiBStohc, 384 
nght-sided, 3^ 
aystoUc, 395 
tbiid sound, 386, 300 
Gangrene due to heart failure, 656 
Gas embolism, 557 

Glomerulonephritis, heart failure, 450 
pulmonary edema, 450 
Glucose solutions m coronary throm- 
bosis, 780 
UI shock, 798 

Glycogen, cardiac, in hyperthyroidism, 
573 

Graham Steell murmur, 406, 518 
Graves disease See Hyperthyroidism. 

H 

Habitos and heart, 378 
Hallucinations. 288 
Heart block, 279 

coronary thrombosis, 781 
diphthena 590 
treatment, 758 
antiluctic, 725 
banuro chloride, 759 
digitalis, 724, 758 
cphedrin, 759 
epinephrm, 758 
failure, alternation m, S7 
miesthesia, 656 
anhythmias, 350, 353 
arterial pressure, 80 
arteriovenous difference, 43 
auncular fibrillation, 350 
flutter. 353 
basal metabolism, 141 
blood volume, 71, 354 
brown atrophy, 326 
carbon dioxide elimination, 142 
cells, 21S 

cellular infiltration of mjocar- 
dium, 327 
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Ucart failure, chcnucal changes m 
myocardium, 332 
classification, 26 
cloudy snelling, 326 
coitus, 366 
congestive, 27 
coronary flow, 337 
crcatin content of myocanlium, 
333 

cIEcicncy of heart, 332 
exercise, 364 
extrasystolcs, 353 
fatty change in inyocardiura, : 
fever, 144 

fibrosis of myocardium, 328 
fragmentation, 329 
hyperthyroidism, 571 
hypertrophy of heart, 335 
hypodiastolic, 27, GOO 
hyposyslolic, 27 
mfcctiOQS, 337 
kyphoscoliosis, 546 
IcfUsidcd. See Left^ided heart 
failure 

mechanisms, 322 
morphological changes, 322 
myocardial fatigue, 336 
Icsioos, 322 
myxedema, 694 
necrosis of myocardium, 325 
overcxcrtion, 354 
pam, 420 

potassium content of myocanliuni 

pulse pressure, 82 
rheumatic infection, 337 
right-sided. See Right-sided fail- 

shock, C53 

surgical operations, G87 
vacuolar dcgencnilion, 326 
vcntncular Uhrillation, 3o4 
vital capacity, 222 
volume of circulation, 39 
Heart-lung preparation, 300 
fatigue, 331 

Hemoptysis in mitral stenosis, 606 
in pulmonary engorgement, 215 
Hemorrhagic shock, 638 
anemia, 639 
arterial pressure, 640 
blood volume. 640 
treatment, 

Heparin in myocardial infarction, 
780 

Hepatic vems in heart failure, 260 
m pericardial effusion, 602 
in shock, 66, 636 
throttle mechanism, 100 
Hepato-jugular reflux, 256 
Herpes zoster, angma and, 412 
Hilar dance, 218 
Hill's sign, 471 


Bilus shadons m pulmonary engorge- 
ment, 218 

Histamine, blood volume and, 71 
shock, 632, 631 
veins, 08, 99 

Hoarseness, left-sided failure, 427 
imlral stenosis, 507 
UedidnickstauiinQ, SO 
Hydrogen ion concentration and dysp- 
nea, 132 

Hydrothorax, 200 
removal of, 737 
Hyperbilirubinemia, 25S 
llyperarculation in cardiac asthma, 
157 

Hyperglycemia in shock. 624 
Hypertension, arterial, alternation and, 
SS 

aortic regurgitation, 406 
digitalis. 729 

essential Set Essential hyi>ertcn- 

ucight of heart lo, 307 
Hypertensive heart disease, treatment, 
709. 7S3 

Hyperthyroidism, 500 
ailaptation of circulation, 560 
arterial pressure, 569 
auricular fibrillation, 573 
flutter. 574 
blood volume. 570 
circulation time, 570 
digitalis, 769 
electracardiDgram, 568 
expcnmcntal, 562, 564 
glycogen of heart, 573 
heart failure, 571 
masked, 574 
myocardium, 563 
stroke volume, 562 
symptom^, 564 
tracncal comnrc’isiDn, 562 
treatment, 7fe 
venous pressure, 570 
vital capacity. 224. 571 
volume of circulation, 561 
Hypertrophy of heart, 306 
anemia, 577 

arteriosclerotic disease, 309 
athfetics, SOT 
cachexia, 316 
con<%atric, 311 
coronary fiov. , 336 
sclerosis and, C09 
dilatation, 310 
disadvant^es, 313 
efRciency, 313 
functional value, 311 
heart failure, 335 
hypertension, 307 
idiopathic, 3i3 
inflammatory, 313 

mechamsm, 310 
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Hypertrophy of heart, pathological 
anatomy, 314 
reserve energj , 310 
sympathetic, 308 
tuberculosis, 539 
utility, 319 

work of heart, 306 i 

Hyperventilation, arterial pressure m, I 
79 

periodic breathing, 165 
Hypodiastolic failure, 27, 600 
orthopnea, 178 
shock in, 656 
venous pressure, 111 
Hypoglycemia, 582 
cardiac pain, 417, 583 
heart failure, 584 
Hypostatic congestion, 211 
Hypothyroidism See Myxedema 


I 

Icterus, cyanotic, 181 See Jaundice 
Incarceration of heart, 604 
infantilism, cardiac, MS 
Infarction of heart, localization, 458 
of lung, 235 
clinical picture, 240 
pathogenesis, 237 
pathological anatomy, 230 
prognosis, 244 

Infections, blood volume, 602 
circulatory failure la, 337, 657 i 

heart failure, 660 I 

peripheral circulatory failure, GG | 

treatment, 769 
vasomotor center, 661 
InOow tract, 298 
Insomnia in heart failure, 287 
Insulin m coronary arteriosclerosis, 782 
Interventricular septum, displacement 
of, 447, 479 
infarction of, 459 

Intracranial pressure, periodic breath- 
ing and, 80 

Intrapericordial pressure, 601 
Intrapleural pressure in emphysema, 
535 

in heart failure, 430 
Intrathoracic pressure and venous i 

pressure, 104 I 

Intravenous infusions in shock, 793 I 

Iron m rheumatic fever, 765 I 


J 

jAOsnicE, cardiac, 257 
anoxemia in, 259 
liver function m, 259 
pathogenesis, 259 
pulmonary infarcts and, 243, 258 


K 

Kabelp cure, 646 
Kidneys in heart failure, 264 
digitalis, 712 

function See Renal function. 

diuretics, 734 
shock, 623 

Kinetic theory of shock, 027 
Klop/ixTSUck, 651 
Kymography, roentgen, 381 

m constrictive pericarditis, 607 
Kyphoscoliosis, 546 


L 

Lactic acid, djspnea, 133 
shock, 624 

Law of the Heart, 302 
Left auntie, enlargement of 371 
bronchi in, 374 
csophams in, 374 
mitral disease, 493, 511 
axis deviation id h>pertenston, 436 
Left-sided heart failure, 425 

aortic regurgitation, 463, 470 
stenosis 481 
arterial pressure, 429 
cardiac asthma, 152 
circulation time, 65, 428 
clinical picture, 425 
coronary thrombosis, 453 
digitally, 727 
diuretics, 732 
emphysema, 427 
essential hj’pertension, 429, 443 
glomerulonephritis, 450 
mitral disease, 489 
nutralization, 429 
nervous symptoms, 283 
phlebotomy, 70S 
pulmonary edema, 227 
engorgement, 208, 426 
treatment, 783 
venous pressure, 110, 429 
volume of circulation, 428 
vcntncle, dilatation, 364 
enlargement, 362 
mitral disease, 491 
ventricular failure See Le/t-sided 
failure 

Lipid content of myocardium, 333 
laver m blood depot, 65 
constrictive pericarditis, 571 
engorgement, 248 
cardiac cirrhosis, 252 
jaundice, 257 
pulsation, 2M, 403, 551 
function, 257 
pericardial effusion, 602 
nght-sidcd failure, 527 
Lungs See Pulmonary engorgement 
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M 

Mahey’s law, 290 
MoUmstino-pcncarditis, 004 
Mental symptoms, 287 
Mercurial diuretics, C99 
Metabolism m heart failure, 142 
of heart, 302 

Middle capacity in pulmonary engo^e- 
ment, 221 

Minus decompensation, 73 
Minute volume, 30 
Mitral disease, artcrioscUrotie, 491 
rheumatic, 489 
nuurgitation, 493 
functional, 400 
left venlnrlp, 3G0 
stenosis, 500 
arterial pressure, 52l 
auricular fibrillation, 504, 512. 517 
thrombosis, SIO 
auacultatoiw findings, 513 
rardiac asthma, 152 
click, opening, 515 
compensated stage, 502 
cough, 505 
cyanosis, 503 
d)8]ihagia, 503 
dvspnca, M5 
(fectrocardiograin, 513 
emboli, 520 
first sound, 515 
heart failure, 503 
hemoptysis, 500 

hoarseness, 507 j 

hypertension, 442, 522 I 

menstrual disturbance, 503 
munnurs, 513 
pam, 507 

pathological physiology, 500 
pulmonary circuit, 501 
engorgement, 509 
pulmonic regurgitation, 518 
pulse, 521 
pure. 500 
rhythm, 512 
roentgen findings, 511 
thnll. 515 

venous engorgement, 522 
weakness, 503 
valve, calcification, 491 
Morphine, blood volume, 71 
cardiac asthma, 784 
coronary thrombosis, 778 
periodic breathing, 160, 162 
pulmonary edema, 784 
shock, 803 
Motor shock, 618 
Murmurs, functional, 393 
Myocardim infarction, 453 
anterior, 458 
arterial pressure, 81, 456 
blood volume, 460 


Myocardial infarction, circulation 
time, 455 

climcal picture. 454 
collatcrm circulation, 458 
digitalis, 761 
heart failure, 457 
inaidtn, 782 
lateral, 450 
left heart failure, 453 
localization of infarcts, 458 
painless, 454 
posterior, 458 
pulmonary embolism, 156 
pulsus altcrnans, 456 
rheumatic fever, 345 
shock, 453 
time of hcatmg, 782 
treatment, 777 
boMele, 779 
cpincphnri, 780 
fluids, 779 
heparin, 7S0 
liyjKrlonie glucose, 781 
' immediate measure, 777 

I morjihine 778 

nitntcs, 778 
ozjgen, 778 
pulmonary edema, 780 
(luinidine, 781 
sliock, 780 

btokes'Adams syndrome, 781 
lympamtes, 779 
ventricular tachycardia, 781 
Myocarditis, heart failure and, 324 
diphtheria, 583 
Fiedler's, 587 
pneumonia, 664 
rheumatic, 340 
syphilitic, 466 
typhoid, 669 

Myocardium, blood floi^, 334 
brown atrophy, 326 
rdlular infiltration. 327 
chemical studies, 332 
cloudy swelling, 325 
ci«atin content, 333 
fatigue, 330 
fatty change, 324 
fibrosis, 328 
fragmentation, 329 
heart failure, 323 
necrosis, 325 
pigmentation, 320 
potassium content, 333 
segmentation, 329 
Myomalacia in shock, 622 
Mygedema, 590 
arterial messure, 592 
, arteriosclerosis in, 595 
I blood volume in, 592 
I canliac action, 593 
I pam, 595 
I circulation time, 592 
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Myxedema, electrocardiogram, 594 
neart failure, 594 
pericardial eSusion, 593 
thyroidectomy, 745 
venous pressure, 692 
vital capacity, 592 
volume of circulation, 591 


N 

Nausea, digitalis, 722 
Nervous system, central, 275 
anatomical findings, 276 
auricular flutter, ^2 
cerebral ischemia, 277 
cerebrospmal fluid, 277 
extras) stoles, 282 
heart block, 279 
left ventricular failure, 283 
neurocireulator) asthenia, 284 
pamxjsmal tachycardia, 282 
ps^choneurotic symptoms, 289 
psychoses, 287 
shock, 286 
vagal inhibition, 283 
Neurocirnilatory asthenia, 283 
Neurogenic shock, 6ol 
Nitntcs, cardiac pain, 771 
coronary thrombosis, 778 
mechanism of action, 417 
shock from, 652 
Nitroglyierm, cardiac pain, 772 
Nitrous oxide method, 36 
Nutmeg liver, 249 
Nyctuna, 266 

O 

Obesity, 683 
hypertension, 442 
ooesiUu cordis, 683 
thyroid treatment, 685 
volume of circulation, 683 
aeight reduction, 684 
a ork of heart, 683 
Oligemia, 630 
Oligemic shock, 618 
OhguriB, 529 
Orthodiagraphy, 381 
Orthopnea, 172 I 

aortic regurgitation, 477 I 

hypodiastolic failure, 177 I 

left-sided failure, 427 
mitral stenosis, 503 
pathogenesis, 173 

ngfat-sided failure, 529 I 

Orthostatic h>potcnsion m avitanuno-' 
SIS, 593 
oliguna, 2 GG 
Outflow, tract, 298 
Ox)gen consumption in shock, 625 

volume of circulation and, 561 


Oi^gen consumption of fading heart, 
332 

rate and, 295 
debt in heart failure, 43 
exchange in dj&pnea, 124 
pressure m djspneo, 131 
therapeutic use, 739 
coronary thrombosis, 778 
periodic breathing, 166 
shock, 803 
100 per cent, 740 
under positive pressure, 740, 741 
utilization, anemia, 575 
fever, 657 

P 

Pain, cardiac See Cardiac pam 
Pallor, aorljc reguigitation, 471, 477 
Pancreatic necrosis, shock, 652 
Paravertebral block, cardiac pam, 774 
Parednne in shock, 802 
Paroxysmal tachycardia, 612 
allergy, 757 
alternation, 88 
hypertension, 450 
nervous s) mptoms, 282 
treatment, 755 
Pellagra, heart m, 598 
Pericardial effusion, 601 
artcnal pressure, 81 
myxedema, 593 
tapping, 7^ 
restramt, 303 

Pencarditic pseudocirrhosis, 607, 610 
Pericarditis, tuberculous, 606 
Pericardium, pam and, 422 
Periodic breat^g, 259 
carbon dioxide, 167 
cardiac asthma, 155 
cerebral blood flow, 169 
circulatory periodicity, 161 
clinical picture, 160 
duration, 163 

expenmental production, 163 
heart, 162 
historical, 159 
hyperventilation, 165 
intracranial pressure, 158 
morphine, 160, 162 
nervous phenomena, 163 
occurrence, 159 
ocular phenomena, 163 
oxygen deficiency, 164 
pathogenesis, 164 
prognosis, 163 
reaction of Wood, 1G7 
respiratory center, 167 
Penpheral circulatory failure, 616 
acidosis, 624 
Addison’s disease, 647 
alkalosis, 624 
artenal pressure, 621 
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Peripheral circulatory failure, azo* 

temia, 02 -t 
burna, OGO 

(xrcbro?pifial AuiJ, G23 
ilmical picture, C20 
diabetic acidosis, G44 
diarrhea, C42 
diphtheria, 5SS 
heart, 622 

hcmorrhaf^ic shock, 638 
h>perg[yccmia, 624 
infectious. GOO, 661 
lactic acid, 624 
motor, 618 
oligemic, 618 
OX} gen (onsumption, 623 
pancreatic necrosis. 652 
pentonitis, 649 
pneumonia, 667 
postoperative shock, b40 
pulse, 621 
pupils, 623 
skin, 620 

sodium nitrile, 652 
spinal anesthesia, 052 
tachycardia, 622 
temperature, 624 
traumatic shock, C2G 
treatment 3'ee hhock, treaU 
mem 

t)phoid fe\(.r, CCS 
unne, 023 
veins, 022 

venous pressure, 623 
return, 610 
vomiting, 642 
PenphcraLl sbo^, 617 
Peritonitis, shock, 649 
Phcnosulphonphtlialem excretion, 273 
Phlebogram, 115 
Phlebotomy, 741 
venous pressure, 102 
Phosphocreatin of in) ocardium, 334 
Pick's s>ndrome, 607 
Plasma depot, liver, G7 
extravasation in shock, 637 
proteins, edema, 197 
pulmonary edema, 231 
volume, 07 

Pleura, pulmonary engorgement, 220 
Pleural effusion See ll}drothorax 
Pleurisy, heart fadurc, 539 
Plus decompensation, 73 
Pneumonia, 663 
arterial pressure, 065 
blood volume, 666, 6CS 
' brad) cardia, 605 
circulation time, C65 
elettroeardiogram, 664 
heart failure, C66 
myocardial uamage, 604 
p^monary fioiv, 663 
shock, 667 


Pneumonia, tachycardia, 665 
venous pressure, CGO 
volume of circulation, 662 
Hork of heart, 663 
Pneumotliorax, circulation tunc, 59 
Polycyllicmin, emphysema, 533 
pulmonary endarteritis, 545 
pulmonic stenosis, 552 
vera, bfiart failure, 357 
vctious pressure, 103 
Pol)bcn)siti9, 611 
Positive pressure respiration, 741 
Posterior infantion, 45S 
Postoiicrative shock, 640 
blood volume m, C41 
cardiac output in, 641 
Pregnancy, 6S7 
heart failure, treatment, CS9 
Primary shock, 620, 631 
PsyeJiOKics, 287 
dehydration. 2S9 
digitalis, 725 
mcrcuriab, 736 
Pulmonary apoplexy, 215 
circuit, regulation, 200 

mitral ngurgitation, 497 
stenosis, 501 
emulation time, 50 
edema, 220 
arltnal pressure, 79 
carduic asthma, ISO 
elitucal picture, 232 
chronic, 235 
glomcrulo-nephntis, 451 
paliiogciicsis, 229 
patbolngiraJ anatomy, 223 
pleural dTusiun, 227 
roentgen puture, 234 
Ircatmcnt, 747 
oxygon. 741 
emboh'sm, 553 
air, 557 

cluucal picture, 554 
coronary thrombosis, 550 
electrocardiogram, 556 
fat embolism, 557 
gas embolism, 557 
mam branches, 554 
myocardial necrosis, 557 
occurrence, 654 
physical signs, 555 
positive pressure respiration 
741 

repealed, 557 
shock in, 553 
small arteries, 557 
empliyscma, 529 
anoxemia 533. 533 
bkwd flow, 537 
volume, 533 

carbon dioxide retention 533 
circulation time, 59, 531 
rough, 535 
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Pulmonary emph>sema, cyanosis, 534 
digiUdis, 728 
dyspnea, 531 
edema, ^5 
elasticity of lungs, 532 
forms, 530 
heart, 529 
failure, 538 
hypertension, 443 
intrapleural pressure, 534 
left-sided failure, 427 
lung volume, 532 
non-ohstructive, 530 
obstruebve, 531 
polycythemia, M3 
pseudocardiac symptoms, 531 
pulmonary engorgement, 214 
residual air, 533 
re*piratoo volume, 532 
right ventricle, 536 
venous pressure, 105, 107, 534 
vital capacity , M2 
volume of respiration, 533 
endarteritis, 541 
Ayerza’s disease, 541 
carcinomatous, 545 
clinical picture, 543 I 

cyanosis, 544 I 

etiology, M2 I 

heart, 544 I 

occurrence, 542 
pathological anatomy, M2 
poly cythemia, M5 
engorgement, 206 
clinical picture, 212 I 

constrictive pericarditis, 609 | 

emphysema, 214 
exertional dyspnea, 121 
hemoptysis, 215 

hypostatic congestion, 21 1 I 

infarction, 239 I 

left-sided failure, 20S 
middle capacity, 221 
mitral stenosis, 509 
myocardial infarction, 457 
orthopnea, 174 
paroxysmal dyspnea, 152 
pathogenesis, 206 
pathological anatomy, 210 
physical findings, 217 
pleura, 220 

pulmonary blood pressure, 209 
residual air, 221 
right heart, 208 
roentgen findings, 21$ 

tidal air, 221 
total capacity, 221 
tuberculosis, 246 
vascular lesions, 217 
velocity of blood flon, 210 
\ital capacity, 221 
infarction See Infarction 
Pulmonic regurgitation, functional, 405 


Pulmonic regurgitation, functional, 
mitral stenosis, 318 
organic, 553 
I stenosis, 551 
Pulsation of heart, 374 
Graves’ disease, 376 
rate, 376 
size of heart, 375 
of liver, 255 

Pulse pressure in heart failure, 82 
. Pulsus altemans See Alternation of 
pulse 

bigeminus, 83 
b^enens, 484 
paradoxus, COS 

Q 

Qwividjvb, 750 
administration, 752 
auncular fibrillation 750 
flutter, 753 
dangers, 751 
digitalis, 752 
exlrasy stoles 767 
hyperthyroidism, 789 
paroxysmal tachycardia, 758 
ventricular tachycardia, 781 


2 

Ratb of circulation, 30 
I of heart, 293 

digitalis, C95, 69S 
size and, 380 

Read’s formula for basal metabohsm, 
565 

I Reflexes, respiratory, in dyspnea, 125, 
' 136 

Regurgitation, functional, 398 
aortic, 404 
dilatation, 399 
mitral, 400 

papillary muscles, 399 
pathogenesis, 39S 
pulmonic, 405 
Incuspid, 402 
Renal function, 273 
Reserve energy of heart, 510 
Residual air, emphysema, 533 
pulmonary engorgement, 221 
Respiration, efficiency in dyspnea, 128 
venous pressure, 104 
return, 106 

Respiratory center, dyspnea, 137 
periodic breathing, 167 
in cardiac pam, 769 
m heart failure, 643 
in rheumatic heart disease, 767 
Revascularization of heart, 783 
Rheumatic heart disease, 338 
aortitis, 464 
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Rheumalic hcarl disease, Aschoff body, 
340 

auricular fcsions, 493 
loronary arteries, 345 
thrombosis, 345 
course, 339 

electrocardiogram, 347 
heart failure, 333 
initial attarks, 34S 
lesions, 339 I 

mechanical factors, 343 
meclinnisiu of heart failure, 340 
mitral duscase, 479 
n)>ocardium, 340, 344 
]>Lriearditis, 340 
treatment, 702 
amidopyrine, 704 
bed rest, 707 
rinrhoplien, 704 
climatic treatment, 70S 
foci of infection, 705 
general measures, 702 
heart failure , 705 
iron, 705 

roeiitgin irradiation, 705 
rest m, 707 
sahiylates, 702 
sulfaiiilamidc, 704 
Umsillectomy, 706 
%aeeiiieii, 7CS 
vitamin C, 7G2 
voivulilis, 4G3 
pneumonia, 245 
Uiglit auricle, ctilargcment, 374 
axis deviation, 52'J 
ventricle, ciiiphystma, 530 
enlargement, 300, 370 
riKtit*8idcd failure, 529 
ventricular failure See Right-wded 
failure 

Ilighl^idcd failure, 525 
acute, 523, 553 
aortic regurgitation, 479 
arterial pressure, 523 
carcinomatous endarteritis, 545 
cerebrospinal pressure, 529 
circulation time, 57 
clinical picture, 520 
coronary thrombosis 457 
cyanosis, 526 
digitalis, 781 
dv-pnea, 140, 529 
edema, 527 
emphysema, 529 
fibrosis of lungs, 539 
iiypertcnsion, 440 
kyphoscoliosis, 540 
hver, 248 527 
lungs, 529 
oliguria, 529 
orUiopnca, 529 
phlebotomy , 741 
phthisis, 539 


Right^idcd failure, pleurisy, 539 
pulmonary embolism, 553 
endarteritis, 541 
pulmonic stenosis, 552 
right ventricle, 529 
secondary, 525 
spleen, 27 
tncuspid disease, 547 
venous engorgement, 527 
pressure, 100, 527 
Itingcr’s solution in shuck, 793 


S 

SACCirARiK method, 51 
Salicylates in rheumatic fever, 702 
Salicyltsm, 704 
Sail loss, diarrhea, 043 
mcrcunaU, 736 
vomiting, 043 
rcbtnetion. 081 

Sniyrgan See Mercurial diuretics 
Schistosomiasis, heart failure, 545 
Scurvy, pericarditis, GOO 
Second sound, reduplication, 394 
Sicondaiy shock, 027 
Sedatives in cardiac pain, 774 
Segmentation of myocardium, 329 
Serous effusions, 190 
Serum, human, in treatment of shock, 
795 

Shock See Pcnpbcrol circulatory fail* 
ure 

blood floM, 031 
tardiac, 0^ 
motor, 61S 
myomalacia in, 022 
oligemic, 018 
penphet^, 017 
pulmonary embolism, 555 
treatment, 794 
acacia, 801 

Addison’s disease, S09 

adrenal cortical hormone, 803 

alkaline solutions, 799 

blood, 795 

burns, 811 

caffein, 602 

camphor, 803 

diabetic coma, SOS 

diarrhea, 810 

diphtheria, 589 

epnedrin, 802 

^nephrin, 802 

nuid administration, 794 

glucose solutions, 798 

Heart, 804 

hemorrhagic shock, 806 
infections, 810 
morpbme, 805 
oxygen, 805 
parcdrine, 802 
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Shock, treatment, pituitrm, 802 
Ringer’s solution, 793 
serum, human, 795 
sodium bicarbonate, 800 
chloride, 796 
lactate, 800 
spmal anesthesia, 652 
strychnin, 803 
sucrose, 799 
surgical shock, S07 
traumatic shock, 806 
vasoconstrictor drugs, 801 
vomiting, 810 
Shoulder pain, cardiac, 410 
Shunt, venous-artenal, 183 
Sino-auricular block, digitalis, 724 
node, digitalis, 710 
Sinus arrhythmia, digitalis, 725 
Skm as blood depot, 63 
shock. 620 
venous throttle, 100 
Sodium bicarbonate in shock, SOO 
chloride ui diabetic toma, 809 , 

in shock, 790 
in suntical shock, 807 
lactate in acidosis, 800 
loss in Addison's disease, 649 i 

Somnolence, heart (ailure, 289 I 

pulmonary endartentis, 544 
Spinal anesthesia, shock, 652 
Spleen, 261 
blood depot, 62 
cardiac cirrhosis, 262 
cyanotic atrophy, 261 
enlargement, 262 
right*8ided failure, 527 
shock, 634 

Starling’s lau of the heart, 302 
Stenosis, aortic See Aortic stenosis 
Stokes-Adams syndrome, 27S 
mechanism, 279 
neurogemc form, 285 
symptoms, 2S0 
treatment, 758 
coronary thrombosis, 781 
N agal inhibition 279 
ventricular fibrillation, 280 
Strophanthm, blood volume, 71 
intravenous administration, 721 
Strychnin, extras} stoles, 757 
shock, 803 

Subacute bacterial endocarditis, 349 
Sucrose m shock, 7^ 

Sudden death m coronary disease, 452 
Sulfanilamide in rheumatism, 764 
Suprarenal insufficiency m shock, 635 
Surface area of heart, 378 
Surgical operations m heart disease, 685 
shock, treatment, 807 
Sympathetic hyperactivity in shock, 
636 

Syphilitic aortitis 464 

commissural lesions, 465 


Syphilitic aortitis, coronary arteries, 
I 465 

1 simulation of heart failure, 480 

! heart disease, treatment, 786 
aneurysm, 787 

j aortic regurgitation, 787 

aortitis, 787 
i arsphenamine, 788 

I myocarditis, 466 
I Systolic gallop rhy thm, 395 


I T 

Tachtcaedia, 293 
alternation, 88 
arteno-venous fistula. 580 
^inbndge reflex. 295 
carotid sinus. 296 
fever, 65S 

hyperthyroidism, 365 
mechanism, 295 
output of heart, 293 
oxygen consuiMtion, 560 
paroxysmal .See Paroxy smal tachy- 
cardia 

pneumonia, 665 
shock, 622 
ayatoW, 294 
utility, 318 

Tetralogy of Fallot, 187, 551 
Theobromine as diuretic. 736 
Theophylhne as diuretic, 737 
Third sound, 591 
gallop rhythm, 386, 390 
Thyroid in obesity, 685 
Thyroidectomy for heart disease, 743 
cardiac pain, 744 
complications, 747 
contraindications, 744 
hypothyroidism, 746 
immediate effects, 744 
indications, 744 

management of hypothyroidism, 
746 

rationale, 743 
results, 747 

Tidal air m pulmonary engorgement, 
221 

TiMnng of myocardium, 324 
Tobacco in heart disease, 682 
Tone ot heart, 305 
digitalis, 696 

ToDoaenous dilatation, 299, 304 
Tonsillectomy m rheumatism, 766 
Total capacity m pulmonary engorge- 
ment, 221 

Tracheal compression, goiter, 562 
Transfusion, shock, 795 
Traumatic shock, 625 
acapnia, 629 
blood volume, 630 
capillary dilatation, 033 
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Traumatic shock, capillary permrabil - 1 
ity, 034 ' 

distribution ot blood, C31 
erythrocytes, 633 
extravasation of plasma, 637 
Henderson's theory, 623 
hepatic veins, 635 
liistaininc theory, 632, 634 
kinetic theory, 627 
mascle tone, 629 
patliogencsis, 627 
primary, 626 
secondary, 627 
spleen, 634 

suprarenal insulficjency, 635 
Bjmpalhctic hyperactivity, 636 
traumatic toxemia, 632 
treatment, SOC 
vasoconstriction, 631 
vasomotor eenter, 627 
paralysis, 627 

vcnoprchsor mecUatusm, 628 
Treatment of heart failure, 674 
alcohol, CS2 

alternation of heart, 75S 
arteriosclerotic heart disease, 
760. 783 
ascitca, 733 

auncular fihnllation, 750 
fluUtr, 753 
cardiac pain, 769 
coronary thrombosis, 777 
diet, 670 
digitalis, 693 
diphtheria. 700 
diuretics, 732 
extras) stoles, 757 
Suid restnctiOD. C3l 
heart block, 753 
high-carboh)drate diet, CSO 
Lydrothorox, 737 
hypertensive heart disease, 769, 
783 

hyperthyroidism, 788 
horcU cure, 678 
loH-colory diets, 679 
obesity, 683 
oxj gen, 739 

paracentesis of effusions 737 
paroxysmaf (aebycardt^ 765 
pcnci^ial effusion, 738 
pericarditis, adhesive, 701 
phlebotomy, 741 
pregnancy, 687 
reassurance, 676 
rest, 674 

rheumatic heart disease, 761 
salt restriction, 681 
subcutaneous drainage. 738 
surgical openitions, 685 
sTOhiliticneart disease, 786 
thyroidectomy, 743 
tobacco, 6S2 


Treatment of heart failure, under- 
nulriUon, 077 
weight reduction, 034 
Tnctispid defects, 547 
clinical picture, 543 
compensation, 551 
cyanosis, 548 
d^pnea, 548 
functional, 547 
liver pulse. 551 
venous pulse, 551 
regurgitation, functional, 402 
liver pulse, 403 
munnur, 402 
venous pul>c, 403 
stenosis See Tricuspid defects 
Tuberculosis, constrictive peniarditis 
m, COO 

in pulmonary engorgement, 24G 
in pulmonic stenosis, 552 
in right*6idcd failure, 539 
Typhoid fever, 668 

electrocardiogram, 009 
myocarditis, 669 

peripheral circulatory failure, 669 
* stqucbc, 609 

U 

UsDEHNvrniTiuN m hr art failure, 077 
Urea, blood, 273 

clearance test, 273 
diuretic, 736 

Unne m heart failure, 206 
acidity, 272 
albuminuru, 273 
appearance, 270 
lasU, 272 
chloride, 271 
delayed elimination, 267 
digitalis, 712 

mechanism of oliguria, 263 
normal constituents, 271 
nycturia, 266 
orthostatic ohguna, 2CC 
pathological constituents, 272 

S ments, 272 
imcnt, 272 
specific gravity, 270 
area, 271 
urobdinogen, 272 
volume, 266 
in shock, 623 
Utiluation of blood, 32 
exercise, 33 

V 

Vagal inhibition, 283 

carotid smua syncope, 2S3 
digitalis, 284 
heart block, 279, 286 
neuro-circulatory asthenia, 284 
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Vagal inhibition, organic heart disease, 
284 

Vagotonia, 283 
Vagus pressure, 297 
Valsalva expenment, heart in, 380 
venous pressure, 105 
Valvulitis, rheumatic, 463 
Vasoconstriction in shock, 631 
Vasoconstrictor drugs in shock, 801 
Vasomotor center, infections, ^ 
sensitivity, 79 
shock, 627 
Veins, capacity, JOJ 
cyanosis, 186 
shock, 622 
tone, 97 

Velocity of blood flow, 49 
Vena cava ui *-ray, 374, 373 
Vcnoprcssor mechanism, 628 
Venous blood in dyspnea, 134 
pressure, 95 
arterial pressure, SO 
blood volume, 102 
capacity of veuis, 101 
cardiac output, 90 
clinical significance, 103 
constnctivo pencarditis, 609 
coronary thrombosis, 456, 459 
digitalis, 702, 709 
effective, 104 
emphysema, 105, 107, 534 
exercise, 108 
heart, 107 
failure, lOS 
hypertension, 43S 
hyperthyroidism, 570 
infusions, 102 
mtrathoracic pressure, 104 
left heart failure, liO, 429 
measurement. 111 
direct, 113 
indirect, 112 
non-instrumental, 111 
myxedema, 592 
paroxysmal dvspnca, 149 
phlebotomy, 708 
pneumonia, 108, 666, 667 
polycythemia, 103 
postoperative shock, 640 
regulation, 96 
respiration, 104 
right heart failure, 109, 527 
shock, 108, 623 
throttle mechanisms, 99 
tone of veins, 97 
Valsalva experiment, 105 
venesection, 102, 103 
venous resistance, 99 
pulse, 115 
arrhythmias, 117 
auricular fibrillation, 117 
cervical veins, 116 


Venous pulse, extremities, 118 
tncuspid defects, 547 
ventricular form, 117, 403 
return, digitalis, 711 
orthopnea, 176 
shock, 616 

throttle mechanisms, 65, 100 
Ventilation in dyspnea, 123 
index, 129 
minute volume, 126 
, orthopnea, 173 
pulmonary engorgement, 221 
Yentncijlsr fibnUatioa, 280, 3Si 
digitalis, 725 
fragmentation, 329 
liver pulse, 255 
tachycardia, treatment, 781 
venous pulse, 117 
Visual disturbances, digitalis, 725 
Visualization of chambers, 381 
Vital capacity, diuretics, 732 
dyspnea, 127 
emphysema, 532 
health. 222 
heart failure, 223 
hyperthyroidism, 224, 570 
left^ided failure, 428 
myxedema, 592 
orthopnea, 173 
pulmonary diseases, 224 
engorgement, 221 

Vitamin B] deficiency, heart in, 506 
Vitamin C in rheumatic fever, 762 
Volume of circulation See Cardiac 
output 
of heart, 378 
Vomilmg, digitalis, 722 
shock, 642 
treatment, 810 
Von Cierke’s disease, 314 
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Weight, heart size and, 379 
reduction, 684 
Work of heart, 306 
diet, 676 
ol«sity, 676 
I pneumonia, 663 

! pregnancy, 687 
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Xanthin cardiac pam, 773 
diuretics, 736 
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ZuckergussUber, 610 



